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PREFACE 

TO 

THE THIRD EDITION 

This edition is practically the same as the last one. The 
only change I have made is to use a smaller tyix) for 
th'. less important matter, particularly the details of the 
classification of the different forms of the parts 'of the 
fiower and fruit. 

J. REYNOLDS GREEN. 


CAMBr.ioaE : January 1904. 



PEEFAOE 

ao 

THE SECOND EDITION 


In preparing this edition for the press but few changes 
have been made. The chapters on morphology have been 
revised and in some parts compressed. The section on the 
inflorescence has been rewritten and that on the sexual 
reproductive organs has been rearranged in view of two 
years’ experience in teaching my classes at Bloomsbury 
Square, since the adoption of this manual as the text- 
book there. 

Book II. remains practically the same as in the first 
edition. 

J. KEYNOLDS GREEN. 

Cambridge : May 1897. 



TEEPACE 

THE FIEBT EDITION 


This Manual is intended to take the place of the ' Manual 
of Botany ’ written by the late Pkofkssoh Bentley. In- 
deed, it was originally contemplated that it should appear 
as the sixth edition of that work. The chapters on Mor- 
phology have been altered only so far as has been necessary 
in order to incorporate in them the modifications of the older 
views, which are based upon recent scientific investigations. 

While the preparation of this section was in progress 
the death of Pkofessok Bentley led to considerable 
alteratic ns in the mode of treatment of the remainder of 
the book. The subject of the anatomy of plants has been 
separated from that of morphology and made a separate 
section. This has been almost entirely rewritten and 
enlarged,* and numerous ^gures have been added. Many 
of these are original ; others have been borrowed from the 
writings of contemporary authors. 

The old volume being rather too bulky for convenient 
handling, it has been considered desirable that the present 
edition shall consist of two ^bxts. In the first of these 
the subjects of morphology and anatomy of vegetative parts 
are dealt with;! the second will treat of classification and 
vegetable physiology. 

J. EEYNOLDS GREEN. 

London : Jitne 1895 . 
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MANUAL ON BOTANY 


GENERAL INTRODIKTION 

The science of BotHiiy is concerned as fully as possible with 
e\ evythinp; that has reference to plants, either in a living or in a 
fossil state. It investigates their nature, their internal structure, 
their outward forms; the laws by which they are enabled to 
grow and propagate themselves; and their relations to one 
another, and to the other bodies by which they are surrounded. 
As a science, therefore, it is of vast extent, and one which requires 
for its successful prosecution the most careful and systematic 
study. AVe may look upon it as including several departments, 
which can be examined separately. It is very important to 
bear in mind that the objects of our study either are or have 
been living organisms, and to keep this fact prominently before 
us, whatever aspect of the plant may be temporarily occupy- 
mg our thoughts. Hearing it in mind, we may regard especially 
the peculiarities of outward 4brm which plants present ; some of 
extreme simplicity and of microscopic dimensions, globular or 
cylindrical in shape, and consisting of only a single vegetable 
cell, wdth no ditfercntiatiou of parts; others strings of cells, 
others Hat plates, others of considerable substance, showing 
various parts, each with its ov/n individuality. Such a section 
of the is known as Morphology. AVe may again study 

the organism from the point of view of its internal structure, 
without reference to its form. A\'e deal in this connection wdth 
structural units (Jf plants ; the vegetable cell as an individual, 
and the combinations of cells to form the filaments, plates, or 
masses of w’hich the plant consists ; tracing the various modifi* 

' cations of cell structure, the alterations in their forma, and the 
ways in w^hieh they are arranged together in the various parts 

VOL. I. B 
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of the organiKUi : this forms the department of Vegetable 
Anatomy or Histology. Again, we may try to realise more 
clearly the life of the plant, and study the way in which it 
carries out its vaiious \ital processes, and reacts to its environ- 
ment. This section is known as Vegetable 1‘hysiology. An- 
other department is Taxonomy, which considers plants in their 
relationship to each other, and includes a knowledge of the 
principles upon which they may be classilied. This is generally 
known as Systematic Jiotany. Cleographical Botany, again, 
deals with the distribution of plants over the surface of tlie 
earth at the present time, and investigates the causes of such 
distribution. Paheophytography, or Fossil Botany, considers 
the nature and distribution (jf plants through the past ages of 
the earth’s existence, and describes the structure of those found 
in a fossil state in the diflerent strata of which the eartli is com- 
posed. The hrst four departments only are those that come 
within the scope of the present work; the latter two being of 
too special and extensive a nature to be treated of in this 
Manual. There arc also se\eral sections of what may he called 
Applied Botany, which are foimded on a knowledge' of the 
above departments, such as Descriptise Ihjtany, Vegetable 
Materia Medica, Agricultural, Horticultural, and Fcononiic 
Botany, but to these special works are commonly devoted. 

In studying the subject th(' relation shijts between these 
different sections must be borne m mind. The student will soon 
understand that all questions of form nnd structure must be 
examined from the point of view' of function, and will learn that 
all differentiation of the plant body has been determined by 
division of labour, or allocation of particular function to par- 
ticular parts. 

If we consider the case of an ordinary tree, w e find it incapable 
of locomotion and fixed m some particular spot of eartli. In 
such a situation it lias to maintain its position and take (‘\erv- 
thing necessary for its nutrition from either the soil or the air 
which surround its different parts. The greater the amount of 
both with which it comes into relationship, the easier it will be 
for it to secure these ends. Hence the advantage of its great 
subdivision of both underground and sub-aerial pai’ts. Similar 
considerations throw a great light upon the di^tails of its super- 
ficial and internal structure. 
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CHAl’TEll 1 

GENKKAL WOKl’UOLOtiY OF TUE J’LANT 


The biliiplest plants, Midi as ilio IuhI Snow {Froturoccua), or 
J^lcurororcHH, consist ol a single piece of living substance, or 
tv7/ as it is tennerl, A\liicJi in form is more or less splicrical or 
oval. New plants are formed b\ the disision of this cell into 
two, sometimes of equal, sometimes of unequal dimensions. In 
iVo/oc(a the cells separate almost as soon as formed, while in 
Tococcan the^' remain bound together lor a longer or shorter 

i'lu. 1. Fiii. 2. 



/ i'h 1. I’B ut iK'on'U). vul<ian\\ <‘<.11- Wu uluji; ( x 
/V«/. if. I’otitoii of ti hluiui’iit ol (hulhtiui ( X 


period b\ an en\ ironing capsule of gelatinous matter, the result 
of a modification of a limiting meujjbrane or coll- wall. In plants 
a little more complex in structure w e find the cells still all alike, 
but instead of being separated and each becoming a distinct plant, 
or formmg a snialj colony of cells, they are joined end to end and 
form a many-cclled tilameiit which is cither straiglit or vari- 
ously curxed, as in Ohcillana {Jig, 2). The most lowly of these 
plants — so far at least as is known — multiply by division of 
their cells only. A little higher in the scale we meet with 

B 2 
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phuits in which, while certain of their cells perform the functiuii 
of nutrition, others arc set apart for the purpose of repro- 
duction. fii the common Moulds, such as Muror (Jij, II) or 
Eurotiiun (fiij, 4), the cells which serve as organs of nutrition 
are elongated simple or branched filaments, termed hijithu', 
which lie upoJi the surface and burrow in fhe mass of the sub- 
stance furnishing the plants with food; while others, destined 
to reproduce the individual, are de\ eloped in globular cavities 
as in Mitrnr [ fitj. 3) ; or are arranged irt necklace- 
like branches at the end of special lilanienls. as in Kiivoliuni 

A)- 

Fi»i. 3. 



t'hf. i). A sjjtL-it*-; of uiouia ( Mu>'>n ) \Mt1i ln.iurlied iii^cduini (’oiiipohnl of Inpha-, 
autl h«iriijg two f-jiorungi.i /, diu\Mj uiojc liiglilv in.igiiifinl .tt /. 

A'et a little higlier in the scale of \egetable life we find the 
cells so combined as to form flattened expansions (Jiy. 5), or 
solid axes 6), as w'ell as special organs of reproduction 
{ 5, /, t). But the cells are all more or less dil ike, so that 

no true distinction can be drawn between the often very dilferciit- 
looking parts we meet with in such plants as a seaweed or a 
mushroom. Such a combination of similar fells, whatever the 
precise form may be. w hich presents no differentiation of leaf 
and stem, is called a tluillua or thaUomv, The plants which 
arc commonly known as Alyie and Funyi usually possess such 
a plant body, and they have been grouped together to form a 
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division of the vegetable kingdom wliieh bears the nanu' 
Thnnophyfa in consequence. 

From th(' Tlialloph\ta b\ various intermediate stages, 
throiigli a division of plants called Livrnrorffi, we arrive at 
another group the Monncft, In the lower forms of tlie Liver- 
worts, e.g. Marchnnfia {fig. 7), wo liave a green fiat tliallus-like 
sltun bearing upon its under-surface scale-like appendages, whicli 
botanists Inive considered to be tlie first representatives of true 


Fia. 4. Fio. 5. 



/"'Uj A. Auothor uamld (Fit rottmn) • /’«/. 5- Timlin- or tUnllonu* of 

^v^tll repmliictive eellrt arran^^eil tlio oouunon Blmlder Soa\vee<l 

in rows on a s»pf<Mal hrancli. { Fvcun ve)tivnlo<ins). /, /. Tho 

tructification. »>, v. Bladdois 
rontninlnp air. 

lea\ CH. In the liiglier forms, as J tnu/rrmainutf {Jig, H), tlie 
stem and leaves are l)Oth more higlily developed. 

With the •exception of some gf the higher Mosses, such as 
PoJf/tricJunny all tlie plants so far described are composed mainly 
of cells which approach moie or less closely to the spherical or 
oval form, or whiXli, if elongated, are ihin-wallcd and commonly 
flexible. They are hence often termed Cellular Plants, in con- 
tradistinction to others whose compositifin is much more com- 
plicated, canting them to be called Vascular Plants. These are so 
named on account of their possessing, in addition to such cells 
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(wliicli tire called elongated, ‘generally thick- 

Fig. V). Fid. 7. 



/'»(/. n. Tin* con non .A[iwlir(K>m {Aoanrus I'ui, 7. A portion of tlio tint 

(‘ftnippuftis). T1 *rc !irc tlii'fi* rcccptm'Ics tliollU'-lilvc •'tcin ot JM/ - 

( tftictijli'afitm), rl‘^inf' lr(»m the luvoelnnii. ifmuhn potumvrphu, 

below : one omi”' uinl lu'arly k1oI»u1.(i , 'in «ntli«‘ri<hal rccoptocla. /, 

amt tA^() niattii <t. Pilen^. h, Lainell.c. -’upportM o)i a >^ralk, s 

c. An^ml^l^. 


walled cells, ternipd prosenchymaious qv\\^, ovfiJfvrs, and alse in 


Fig. 8. 



Fig, K. ./niif/rrmnmiiti 
hidnitnta. The stem is 
mwplng, Hiul l)enrs 
numerous small imbrl- 


niost cases variously i'onncd tubular organs 
which are known as vessels, Tlie distinc- 
tion between cellular and vascular plants 
IS not, however, absolute, as certain of tin* 
Alga^ aftbrd undoubted instances of the 
occurrence of particular vessels known as 
sieve-tubes, much like forms met with in 
the highest hoovering plants. In the highei’ 
]\IoHscs, e.g. Pof yiricJntm 9 and 10), 

the stems often contain elongated cells, 
whose walls are so thickened and chemi- 
cally changed that they differ little from 
tlic true w’ood-cells met with in the more 
highly c^eveloped plants. CmTelated with 
this greater development of the organs of 
nutrition we find the reproductive appara- 
tus showing a more corc^lex structure, as 
will bo hereafter described. The Liver- 


catetl leaves. 


worts and Mosses are, however, destitute 


of vessels, such as exist in the next and all the higher groups ot 


plants. 
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Stifl ascendinj^, we find in the Ferns ( 13), HorsrfaUs 

{fig. 12), Pepperworts, Chth^mosses (fig. 11), and Schig'niella^ 
a continued advance in complexity of structure ; vesst ls of 
different kinds make their appearance, and the stems are fre- 
qiietitly of considerable size and height. Calnmiicfi. an order of 

Ft( 1. h. Ei«J. 10. Eio. 11. Fin. Ti, 




Fig. W. Plnnt ot the Hair-inos^ ( /Vt/w- 
fncfiuni commum ), With lettve*-, ‘'teui, 

iuul «i>oro/onluTn. Fig, 10. Plant 

ot the s-miie, wltli ‘item and leavtH, 
.ni*l tenninntHt by the male organs 

{nuthmUtn) Fiff. 11. The common 

('lul)-moss { fAico/nxiwm clarntum). 

- -Ftif. 12, "J’erniination of fertile 
brunch of tli(‘ (treat Water Horsetail 
( Fi/in^rtinn manmuni). 





extinct plants alljed to the Horsetails, tshich were extremely 
abundant durin" the formation of our coal measures, appear to 
have reached the heij^ht of our loftiest trees; while at the 
present day in the tropics and warmer parts of the earth 
Ferns frequently attain the height of twenty feet {fig. 14), and 
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sometimes eveu as much as forty feet, Such Ferns bear on their 
summits a large tuft of leaves, or, as they arc commonly called, 
/rowdZj?, a term applied to leaves which, like those of Ferns, boar 
organs of reproduction. * 


Fig. 13. 



The plants which have been men- 
tioned so far hav^ been called Crypto ^ 
qama^ o r Flmcxlcss Plants, As we 
shall see later, this designation is not 
properly applied to all of them. They 
are especially and more fitly charac- 
terised by not producing the special 
structures known as seeds. 

All plants above the Cryptogams, 
from possessing evident flowers, are 
termed Phanerogams, or Flowering 
Plants, These latter plants are 
marked ofl' from all the lower forms 
])y bearing sec*ds. 

The J^lianerogains present two 
well-marked divisions, called rcspec- 
thely the Angiosjwrmia and Gymno- 
spernna : the former including those 
plants in which the seeds originate in 
a case called an ovary {fig. 898, o, o) ; 
and the latter, such plants as the Fir 
and Larch, in which they do not. In 
the Phanerogams we have the highest 
and most perfect forms of plants. 

A survey of the forms, presented 
by the val'ious plants constituting the 
vegetation of the globe shows us thus 
an extraordinary variety in external 
shape, in actual dimensions, and in 
peculiarities of internal structure. 
The simplest with which we are 
familiar exhibit only a*' roundish or 


Fig. 13. The Male PYtii 
( A tpidium Filix-v\a< ) 
(J natural size). 


ovoid body, with no differentiation of 
parts, consisting only of a minute 
mass of living substance, or protoplasm. 


wdiich may or may not be surrounded by a definite limiting 
membrane or cell-wall. Each plant is said to consist of a single 


ceil. Generally, with larger size we find the living substance 
consisting of a number of cells, separated by partition -walls. 
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Those are, in some cases, arranged in strings or filaments ; 
in others they form flat plates ; in yet others tliey constitute 
masses of great size and much-divided sluipe. The plant body, 
in the latter case, evidently consists of various parts, which ar(‘ 
spoken of as its inrmbrrs. 

The study of the life history of most plants shows us further 
that each may have different forms at different periods of its life. 
In many of the lower plants ihhpolymorplni, as it is called, is very 


Fin. 14. 



Fig. 14. A Tm* Fern. 


varied ; but in the case of organisms higher in the scale, it is 
found there isf a tendency to assume only two forms, which recur 
in constant alternation with each other. Each fbnn is character- 
ised by producing a special kind of reproductive organs, and bears 
a name indicatin^their nature. The common Fern is perhaps 
the most easily studied illustration of this. In the fonn usually 
recognised as the Fern plant, the plant body is found to carry 
out the process of reproduction by certain cells which are known 
as spores. These are asexual reproductive cells: that is, each is 
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eapabk* by itRolf of ijraduciii*? a now individual. This form, as 
it boars only sporos, is known as tho apornpln/ir, or sporo-bearinj^ 
j^onoration. Tho othor form, a littlo j^roon Oattenod body, gener- 
ally about a quarter of an inch in diameter, called the prof h alius 
( fnj. ir>), produces sexual organs, M'hich give lise to reproductive 
colls of two kinds kno\\Ti as gametes. Neilhor of these can by 
itself giv(‘ lise to a new orgahism. but after m process of fusion 
of two of them, one of each kind, the resulting cell can originate 
such a development. The form of the individual arising from 
the spore is alwa\s a protjialjus, and that which is developed 


Fio. 15. 



Fk/.M). Protliiillnw (>?nnK*tophyte) of Fmi ( \ 10». \rtfrKu.\. 


from the fused gametes of the latter, which unite to form a cell 
called the (wsjmre or £jv(/of r. is the new Fem. 

In some plants the sexual cells are apparently all alike, but 
in most they diller in shape, size, power of motion, etc. AVhether 
similar or dissimilar, they are known m gametes, and the phase of 
the plant which bears them 4s conse«[uently called the garnet o- 
phyte. 

In many plants the sporophyte produces two kinds of spore, 
each of \\ hich gives rise tf) a special form of ^gametophyte. In 
such cases the two kinds of spore differ very greatly in size. 

In all the higher plants the two forms regularly alternate, 
,the sexual cells of the gametophyte giving rise to the sporophyte, 
and the spores of the latter reproducing the gametophyte— the 
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life history of each plant so exhibiting? what is known as an nifrr- 
thdiou of (joiirraiiops^, 

' J n iho lower forms, aiponj? the Algfe anti Fnnf?i, another 
variety of alternation is met wnth. Tlieir "ametopln tes, in many 
cases, bear asexual cells as well as f?ametes, and frequently the 
gametes are not developt'd, so that inaiyN asexual f?enerations 
often follow each other before a sexually produced form recurs. 

The asexual cells whicl\ arise upon the gametophyte are 
called goiiidin. The.\ do not difler essentially from spores. 

Among the lower plants the gametophyto is usually the more 
prominent of the two forms descrilKal. In tlie Mosses the 
two are almost equal in degi’ee of development. The gameto- 
phyte is the so-called moss plant, and coiisists of an axis fur- 
nished with numerous leaxcs. The sporophyte consists of a 
swollen head or capsule, supported on a stalk of variable length, 
and remaining attached to the gainetopbvte. It forms the body 
which is often somewhat loosely spoken of as the fmit. 

Abo\e the I^Iosses the tendency is to greater development of 
the sporopliN te and retrogrc'ssion of the gameto])h\le. In the 
Ferns and llu' higher (’rsptogams the plant known under the 
ordinarx name of Frv)f, or is the sporo- 

ph\ te,andthegametoph\t(‘ is a small structnri', consisting of oid\ 
a plate of cells, or a small tuber-like mass, and showing little or no 
segmentation ol its body. In the dowering plants the retrogres- 
sion of the gametophyto is still more marked; they possess two 
kinds of spore, eaeJi of which gives rise to an appropriate 
gametopbyte. one bearing male, the other female gametes. The 
gametophytes produced b\ the small spores, or mu’i ofip mrs, 
whieh are ,often spoken of as ^o//n _w/ru in ft, consist of long 
tubular outgrowths, whieh difring their development bore their 
way into the structures among which the large spore and its 
gainetopliyte are found. The ganietoph^x to arising from the 
large spore, or n jfffnRpnrr^ or consists, in one large 

section of the flowering plants, the Gyinnosperms, of a cellular 
mass whieh is developed inside the spore, and completely fills it. 
In the other section, the Angiosperjns, it is similarly hidden in 
the interior of the spore, hut it consists of only a few cells, some 
of which are not even furnished with cell- walls. 

Above the Thrllopliyta the cell produced by the fusion of 
tbc gametes gix es rise to the new individual while still attached 
to the gametophyte, so that the sporophyte appears to spring 
out of the latter. The spores, on the other hand, of whatever 
kind they may be, are generally set free fi’om the sporophyte, so 
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that the gainctophyte appears as an independent structure. As 
already mentioned, tJiis is not the case with tlie 1 ‘hanerogams. 
These produce two kinds of spore: the smaller ones only are set 
free, subsecpie fitly ^nvinf? rise t-o the gametopliyte or poUrn tnhr 
which licars the male ^jametes ; tlie larger ones remain always 
attaclied to the sporophyte, each producing its appropriate 
gametophyte in its interior, and ultimately leading to tlie 
formation of a special structure called the smL 

The body of the plant, whether gametophyte or sporo]>hyte, 
may show vanous degi’ees of eomple\ity of form. Tt may be 
eAidently divisible into parts, or mrvihrrHj whicli may be all 
alike, or may be dissimilar; or, again, it may show hardly an,\ 
such segmentation. In the great majoril\ of eases the body 
consists of two dissimilnr imanbers, charMcterised by growtli in 
opposite directions; these are then called the roof and tlie 
fthonl. Jloth of them generally exhibit appendag(‘S springing 
from the main bod> ; hut wdiile those of the root are like the 
member from nliich lhe\ arise, those of thc' shoot imiN be of 
two kinds, some like, others nidike, thid on which they are 
borne. Those which are like it are known as bytmrhrs; those 
iinliki- it, Jcnwn. AVe can distinguish between fhalloid shoots 
and ho/i'/ shoots, according as branches only, or branches and 
leaves, can be recognised on the shoot. Boots almost always 
bear brandies only, leaves occurring on them only under ver\ 
exceptional circumstances. A further difference between the 
root and the shoot consists in the I’ai't that the latter always 
bears the true repi’oductive organs. Tlie part of the shoot 
which gives rise to the appendages is termed the stem, and the 
stem and main root together constitute th(‘ of tjie plant. 

Plants uhich show a differentiftlion of their slioot into stem 
and leaves are called (Uyrmophf^fes. The prominent form is in 
most cases the sporophyte, and the distinction between tlu' 
two parts of its axis as to the direction of their growth can fr(‘- 
(juently be seen from the very commencement of its development. 
The cell formed by the fusion of the gametes, usually called the 
oospore, is tirst divided by a^ell-wall, known as tlie bas<(] wall, 
into two segments, of which tin* upper one, or epibasal cell, 
d(‘velops the shoot, and the lower, or hypohnsnl one, ultimately 
gives line wholly or partially to the root. Tfie primary root and 
the primary stem arc thus always opposite to each other. 

Those plants whose shoots show no segmentation into stem 
and leaf are known as Tlnillophytes, and the plant body is called 
a Thalhis. 
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The thalloitl shoot may be regarded as intermediate between 
a true thallophyte and a cormophyte. 

The relative development of i*oot and shoot may vary very 
greatly. In most of the loweV plants the root is frequently of 
very small size and very simple structure. In the great group 
of Algai or Seaweeds ‘in which the gametophyto is the promi- 
nent form, this member is never very greatly developed, though 
the shoot of the same plant may attain large dimensions. In 
some of the filamentous tloating forms it can hardly be said to 
exist, being often only indicated h\ the single hypobasal cell 
persisting at the end of the filameJit, and this having only a very 
short duratioi]. In the sporophyte of the higher corniophvtes 
both root and shoot are well developed and much branched, the 
slu)ot being still relatively the greater. 

Tlie shoot usually shows much more ditlerentiation than 
the root. Its axis, the stem, gives rise to ))raiiches and to 
leaves. The branches in turn may gh e origin to other branches, 
and those to others, thus forming an elaborate branch system. 
Each branch, like the main stem, also produces leaves. The 
leaves, on the other hand, though often very much branched, 
or compound, never bear other leaves. 

In the higher cormophytes, in which the sporoph.vto is the 
promhient form, it produces speeial shoots tor the purpose of 
bearing the reproductive cells or spores, rsually these cells 
are borin' on special leaves, which arc then called npurojtlit/lLs, 
Sometimes these sporophvlls v('ry closely resemble the ordinary 
leaves, as in many Ferns; sometimes tbeydifler from them very 
markedly in appearance and structure. The special shoot of 
which they are the leaves is then known as the jioicrr, and tlu' 
braneh sv stem constituted the flowers is called the fiijio- 
rescence. In most cases this is sharply marked oil* from the 
general branch system. The dowers have nsnally, besides thi' 
sporopliylls proper, certain other external leaves which do not 
themselves bear spores. 

Ill the lower plants, when the spores have b<ieome matiu’e^ 
the,v are detacl»ed from the parent j^ant and germinate indepen-j 
dciitly, giving rise to a separate gametophyte. In the flowerinJ 
plants, w'hcre the spores are of two sizes, it is only the ndcro\ 
apotrs or pollen which are so dispersed. The meyaspore^ 

or embryo germinates in the sportinyium^ or ovule, and 
gives rise to its peculiar form of gametophyte within itself. 
By certain aiipropnate mechanisms the gametophyte arising 
from the pollen grain is brought into relation with that developed 
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from the embryo sac, and the gametes from the two unite as 
in other cases to form an oospore. This fusion, which is known 
as the fertilisation of the oosphere or female gamete, is followed 
generally by a certain dcvelopmeilt of the neighbouring parts. 
Even when the ganietophytes are developed apart from the 
sporophyte, the act of fertilisation is often attended with the 
same result. The body thus produced is kno^^^ as the frail. 
In the latter cases the fruit is altogether a development of the 
ganietoph^ te ; in the former, the parts which form it are de- 
rived from the sporophyte, to wliich the gametophyte remains 
attached. In this wa\, in the flowering plants, the fruit is 
developed from the central portion of the llower. 

The consequence of the niegaspore, or embryo sac, of the 
highest plants, always remaining in the sporangium, or ovule, 
and the gametophyte derived from it never havhig aii indepen- 
dent existence, is the productioii of another structure, tound at 
maturity usually within the fruit, and known as the AVhen 

the gametophvte has been de^ eloped it bears normally one sexual 
cell or gamete, known as the oosjfltcic. This is fertilised by the 
male gamete while the whole game top b,> te is still in tlie interior 
of the sporangium, and the oospore resulting from such fertilisa- 
tion germinates at once, starting the growth of the Jiew sporo- 
phyle This growth takes jdace at first witlnn tlie sporangium, 
and proceeds for a longer or slioitei period till the form of the 
new sporophyte is clearly indicated in its ])arts. Then the 
growth temporarily stops, and the sporangium with its contents 
becomes separable from the sporopbvte. The sporangium or 
ovule has now become the aced, a structure which, from the 
peculiarities of development indicated, is confined to the flower- 
ing plants. It contains the iicv/ spoiophvte, known as the 
(‘nihrijv, besides enclosing the remains of the gametopliv te 
which gave rise to the latter, and which may or may not con- 
stitute the greater part of the structure. 

After the seed has been detached from the sporo[)li,\ te 
it remains quiescent for a variable time, but under appro- 
priate conditions the temporarily suspended (ievelopmcnt is 
resumed, and the new sporophyte soon attains an independent 
existence. 

The formation of the seed is thus a spej^ial feature of those 
plants in which the megaspore does not become detached from 
the sporophyte, but develops in sda. This important peculiarity 
marks off the large class of Phanerogams or flowering plants 
from those below them in the scale of development. In such 
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of the latter, known as the Cryptogams, as have megaspores 
the latter are always detached from the sporophyte, and 
therefore seeds are not produced. 

If we compare the forms df the gametophyte and sporophyte 
in such plants as plainly possess both, we can notice that the 
gametophyte is usuall^v^a thallus, but is cormophytic in the larger 
Alga', the Jungermamiias (a family of the Liverworts), and 
ill the Mosses. The sporophyte is but seldom recognisable 
among the Thallophytes, many of which indeed possess only a 
ganiophytic form, but it is a thallus in such of the Alga^ and 
Fungi as possess one. With few exceptions it is a eormophyte- 
in all plants above the Mosses. In the higher plants it 
presents us with a series of members. We ma\ distinguish the 
root and the shoot ; the latter including \ arious forms of branches 
and ditiert'iit kinds of loa\es. Its most important members are 
the stem, the \egctati\e branches, the iuliorescenee, and the 
riowers ; the leaves, some /oftnye leaves, others sj^torophylls : 
lastly the fruit and seed. 

The gametophUe is seen at its best in the Alga', Fungi, 
Liverworts, and Mosses. Here it may show root, sti'in, and leaf, 
or it may be only a thallus or a thalloid shoot. Abo\e the 
Mosses it is gradually and progressively rediUM'd, being n('\ev 
more than a thallus above this point, and gradually beconiiiig 
less and less prominent, till at last it consists of only a few 
cells in the interior of the niegaspore. 

The vegetative members of the plant may now be considered 
in greater detail separalcl^N, the morphology of the special 
rcproducti\c members being deferred to a succeeding chapter. 

Thallophytes. 

The Thallus. 

The thallus may consist of a. single cell, or may be composed 
of many cells. It slums scarcely any distinction of parts or 
segmentation, ajid but little differentiation of its internal tissues. 

•It is often possible to sec a division* into root and shoot, but in 
such cases the former is onl,> very shghtly differentiated luid 
often consists of owly a single cell of the embryo. There is 
never any particular Tlifferencc of structure between them. When 
a thallus is composed of more than one cell it may be a filament 
or a collection of filaments, or a fiat plate often only one cell 
thick, or a mass of some size. In the last two cases it may bear 
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a mimbcr of liairs from any part of its surface. Li some cases, 
as in Volvox^ it is a spheiical body capable of active movement 
carried out by special filaments or cilia, which move rapidly to 
find fro in the Avater in which the plant lives. It may be 
branched, certain branches being like the main body, and 
others specially modified to produce the reproductive organs. 

The thallus is seen best in the lowest plants, where generally 
the whole plant body is of this description. It is the prominent 
form in most Fungi and Alga‘ ; is that of the ganietophytes of 
the Ferns and most other Vascular Fryptogams and of the 
'Flowering Plants. The sporophyte is less frequently a tliallus, 
hut tills is the case i)i such of the Alg.e as possess one, and 
in a few exceptional Phanerogams ; e.g. Wolffia arrhi<:a, 
ljopliogtjn(\ etc. 

Fokmochytes. 

For man A reasons it is most advantageous to commence the 
study of the morphology of cormophytic plants with the most 
highly differentiated forms. These arc to be met with in the 
great group of the Phanerogams, and in particular in the section 

known as the An- 
giospernis,to which 
all our ordinary 
plants with con- 
spicuous flowers 
belong. The promi- 
nent form in these, 
as we ha\e seen, is 
the sporophyte. 

^ If we examine the 
seed of one of these 
Angiosperms, e.g. 
• that ot the common 
J’ea, we find it con- 
tains the embryo or 
young plant in a rudimentary form. This embryo is shown in 
Jig, 16. It consists of a distinct central axis f, which is some- 
times called the iigellnm, the lower part of w hich is known as 
the radicle., r ; the upper jiart, which bea^js two or three inidi- 
mentary leaves, is known as thv plumule^ n. This axis is united 
to, or bears, two fleshy masses, or lobes, which arc its leaves 
or cotyledons, e. The part between the attachment of the coty- 
ledons and the radicle is sometimes called the hypocotyledonary 


Fkj. 16 . 


Fk;. 17. 



/?(/, It). DicotyltHlonou.s embryo 
ot the Pcd, laid open (mapni- 
rted). r. The radicle, t. Tlic 
axis ifiiipocitfyl), terminated by 
the phmiule, n. c, r Tlie cot.v- 
lulon 17. Section of 
the fruit of the (hit. p. I’ln- 
niulc. I . Ihnlide. *. ScutelUun. 
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purtioii or htjjjocotyl^ urid the portion abu\e the cotyledons, the 
epicotyledonary part or cpicotyL Plants, like the Pea, whicdi 
bear two cotyledons, are {»ronped together to form s. great class 
know)i as the Dicoifihdons. Tn many seeds embryos are found 
whicli possess only one cotyledon. 8ueli are the ein]»rvoB of 
Grasses {Jig. 17). Tliese plants form another groat grouj) 
known as the Monocotyledons. 

When siieli a seed as the Pea is placed under favourable con- 
ditions, its embryo begins at once to develop, the radicle growing 

Fio. IH. 



Fio. iS. LonkfitiuUnul ‘•ection ol the ape\ ol a loot ot Buokwlieat 
n, <1 rowing point. A. Rwit-enp. 

in a downward direction, while the plumule extends itself up- 
wards. We thi^s can distinguish between the two parts of the 
•axis according to the direction of *tneir growth. From the 
lower portion is formed the root system, from the upper portion 
the shoot, consistingjof the stem and its appendages. 

Skction J.- Thk Root. 

The root is seen thus to be the descending axis of the plant. 
It usually attaches the plant to the substratum on which it 
VOL. I. c 
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IH 

grows and absorbs iiutriiiient ilu'rcfroiii. It i)resoiits certain 
features which distinguish it at once from the stem ; though it ^ 
may braneli repeatedly, it only bears sucli appendages as are 
like itself ; it never bears true reproductive organs, and only 
under e\ceptional circumstances does it give' rise to leafy shoots 
or leaves. Its grosyth takes place* by iucAease of its substance 
immediately behind its apex, so that the growing region 18) 

is always internal and protected by a thin cushion or cap of 
tissue known as tlie root-cn^; {//,.//>/. 18; r, //V/. 19). In those 
roots which grow in ordinary soil, the ro<»t is furnished, a little 
way behind the apex, with a number of very delicate outgrowths 
from tlie surface, which penetrate into the crevices between the 
particles of the soil, and come into very^ dose relationship with 
them. Thes(‘ structures are known as the root ‘ hairs ; they are 
the structures through which absorption fmmMlu* soil takes 
place. They are not distributed over the whole surface, but only 
occupy a small space not far beliind the growing point (fy. ‘20). 
These hairs are not to be regarded as appradagrs, in the sense 
already mentioned, for all parts of the jilant agree in being able 

to give rise to similar 
structures. They are i 
only outgrowths of ' 
the external oon er- 
ing. 

The direct pro- 
longation ofthe radi- 
cle downwards forms 
what is knoun as 
the primary root. 
This may grow to a 
great size, persist- 
ing through the life 
of the plant. It is 
usually tapering m 
fonn, and bears 
numtjers of branches, 
which may them- 
selves branch re- 
^leatedly and so give 
rise to a large root- 
thus persistent and 
stronger than its branches, it forms what is known as a i(^- 
root. On the other hand, it is not unusual for the primary root 


Fio. 19. Fio. ‘20. 




19. Yoiinp: plant ot Lenina (Dnvktrmi). > Hoot 

caj). /’»(/. 20. TJltimate branelii^M ot a root, 

t*bowinp position of r<K>t-lmir«. 

system. 'When the primary root is 
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to develop only to a. slight extent, aud to be speedily snrpasstMl 
vigour by its brandies. 

The brandies of the primary root, like the latter, al^^ays 
lia\e their a])ie(‘s covered by a root-cap. They arise, with very 
few exceptions, within the tissues of the primary root, and in 
their growtli liore their way outwards through its external | 
lav era. Tbev are known iis srrjwthtrif roots, jind they in turn 
pr(*dncp icritartf roots, and so on. Tn their order of develop- 
nient each branch normally arises nearer to the apex than the 
one before it, so tliat IIh* youngest is always the nearest to the 
tiji. This mode of origin is known as acrnpridl mrcrssion, 

Eto. 21 . 



/’/<; 21. Tlic B:»ii\.in-trc'e f Tjr/ix ) 


It is not cunlined to roots, but is a feature of branching in 
general. 

Occasionally, how’cver, roots arise at other places than 
their normal point of origin. Such are known as advoititioufi- 
roots. Ihxainples mav he seen in •the roots produced upon the i 
stems of the Ivy and other plants, by whidi they are enabled to , 
attach themselves ^o the surfaces over which they aie climbing. 
Very frequently idiots of this dc'seription arc develo^tf from 
injured surfaces, as in the case of those plants which are pro- 
pagated by means of cuttings. AVlien a young twig of a Geranium 
is severed from the stem and its cut end embedded in moist soil, 
it shortly puts out these adventitious roots from the cut surface 
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and develops into a new Geranium plant. Adventitioxis roots 
can also be made to arise from leaves, as in the case of some 
species of Begonia and of Bryophyllum. In many other 
plants aerial roots belonging to this class are given off by the 
stem orTranches, which descend to the ground, and, fixing them- 
selves there, not only act as mechanical supports, but assist the 
true root in obtaining food. Such roots are well seen in the Banyan 
or Indian Fig-tree i^jig, 21), and in the Mangrove [fig. 22). 

The primary root and its branches constitute what is often 
called the roof system. Its foi*m depends upon the relative 
dimensions of the main root and the branches. When the 

fonner persists and is 
always stronger than 
its branches, we have 
the tap-root and its 
modifications. Each 
branch in such a 
system is usually 
stronger than the 
branches to which it 
gives rise. 

Sometimes the 
primary root is but 
slightly developed, and 
gives off from its sides 
a multitude of delicate 
branches which are 
more or less fibrous. 
Sometimes, again it 
divides at once into a 
number of slender 
branches or rootlets. A root system of this kind is seen in 
our annual Grasses {fig. 30), 

The characters of the root system and of the individual 
roots are always determined b.\ the peculiarities of the lives of 
the plants to which they belong. Some plants ff\’e for a year 
only, springing from seed, flowering and dying in a single 
season. These are known as Annuals. Thpir roots are always 
of small size ; they may be cither entirely secondary, springing 
in a tuft from the very short iwimary one, or there may be a 
thin tap-root with a number of smaller branches springing from 
its sides. 

Other plants live their lives during two yeai*s. In the first 
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they produce leaver and manufacture a considerable quantity 
of food materials. At the end of the summer this is deposited 
in tlie root, which f^i’ows to a large si/c and becomes Heshy 
and succulent. Such roots are shown by the Radish, Turnip, 
and Carrot, which are spoken of as fusiform^ najnfonn, and 
conical respectivel;y* 2d, 24, 25). In the next year the 
plant produces its dowers and seeds, using up the stored food 
supply during the process of growth and dowering. These 
plants are called Bienniah, 


Fku 23. 


Fig. 24. 


Fig. 25. 



/ i{/, i!3. Fusiform ro<>t ol I ho oouimon 

llAcliph (/{nphanus saOrus). 

Fi{/. 24. JJnpiform root of the Tur- 
nip (Biamca F^g. 25. 

(Conical root of the Carrut {Daucus 
( Vf rota ). 





A very large mnnbcr of plants, as we can easily observe, 
live for many years. Some of them, however, die down to the 
ground overi' winter, the root system being the only part 
which appears to persist. Tlie roots of those plants also serve 
as storehouses for food materiaTs~^whieh are used in the suc- 
cccdmjf spring asjhe stems reappear and active life is resumed. 
Such plants arc the Dahlia (fig, 28), and some Orchids (figs. 26 
and 27). These 2?ci'cnnial roots in many cases are woody, like 
those of plants whose stems also survive the wdnter. In the 
case of the Dahlia, wt find the roots which store the nutritive 
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material are sueoiiflarv roots, the primary one not oein^j 
developed, as is the ease in the Grasses. In the Orchis we 
have a pair of these siieculeiit or tuherous roots, one of which 

Fid. 20. Fid. 27. 
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the food material, but it never attains the peculiar development 
of the root of the biennial plant. 

Woody loots are coninionly perennial in themselves, and 
arc not renewed. 

(Certain 2)eeuliaritics are shown by the roots of plants which 
do not gi*ow in the scjil. Those which are to be met with in 
water are usually long, unbranehed, somewhat lleshyor suceuleiit, 
and devoid of hairs. They may be denoininat(‘d aquatic roots. 


Fui. 30 



Fio. 32. 



Fibrous root.s of ii Ciiu»'. 

Fit/. 31. Moniliforui or licadeil root. 

I’if/. ;{2. Aiiauliitol riMit of Ijk'- 

o.icuanbu {Vt^phadt.s Ipecacuanha), 


Two other tjasses of plants also show modifications which 
*depend upon their peculiar mode of ^ife. These are epiphytes 
parasites. 

Boots of Epiphytes or Air-plauis . — In many of these plants 
special aerial f561s A!fe produced {fiq. 33, n, «), and as these nc\ er 
reach the soil they cannot obtain any food from it, but must ^ 
draw their food entirely from substances supplied to them by i 
the air in which they are developed; hence the name of air- 
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plants which is applied to them. They arc also called epiphiji es^ 
because they commonly grow upon other. plants. They have 
frcquentl}^ also small roots of the ordinary type, which penetrate 
into cracks or crannies in the bark of the supporting plant, 
enabling them to absorb small quantities of food from the debris 
[which accinuulates there. Many of the* tropical Orchids (fig, 
by) afford us illustrations of epiphytic plants. The iierial, roots 
of such plants arc frequently green and serve as organs for 
constructing food. The aerial roots of Orchids liave a layer of 
usually very delicate fibrous cells covering them, w'hich assists 
ill the absorption of moisture from the air. 

livotit of ParnaiU'8, — Those arc plants uhich not only grow 
upon others, but which, instead of sending roots into the air 



F)q. 33. Epii»lj>tic orchidaceous plants, showing their mode of giowtli. 
a. Aerial roots, f/, h. Pseudobulbs. « 


and deriving food -material from it, as do the epiph;^tcs, insert J 
peculiar root-like bodies into the tissues of tJie plants upon | 
which they gi’ow, and obtain nutriment from them. The plant f 
which the> thus penetrate and feed upon is termed their /tost ; 
and the sucking roots arc called haustoria. They differ Irom 
true roots in the maiincr« of their*"dfIgmatioii, as we shall see 
late r. The Mistletoe ( Visciim album). Broom-rapes (OrobancJie) , 
Dodders (Cuscuta) (fig, 34), and Kajfficsia Arnoldi (fig, 35) 
may be cited as examples of such platits. Tliese parasites 
differ from each other in appearance ; some have green foliage, 
as the Mistletoe ; while many others arc pale or livownish or 
possess other tints than green, as the Broom -rapes and Bafilrsin, 
^^Parasitic plants vary in the degree of their parasitism ; 
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[iho Mistletoe and tlio greater number uf parasites are, so 
, far an their roots arc coiieerned, entirely d^ ^ pf-nden t upon the 
jjlants on which tlicy grow for their food. Others obtain food- 
'^maierial at hrst, like other plants, by means of ordinary' roots 
\ contained in tlic soil ; but after Jia^ig arri\ed at a certain age 
these perish, and iluiy then derive tlicir food entirely throyigb 
Jiau^)ria which pi'iietratc the plants upon which they grow. 
OtheriC again, continue throughout their life to obtai n a portion 
of their food-material by means of roots embedded in the soil 
while th% possess ijj, iMhlitimi hausturia which arc niserted nho ( 
the roots of plants growing side by side with tlieni. These are I 

Fi(.. :U. 



often callcS roai -pif raistfets ; besides taking in nutritive material 
from the soil 'and from their host plants, tliey absorb certani con- 
stituent elements of their food from the air by their green leaves. 

It will thus be seen that parasites differ from other plants in 
that they are not entirely dependent for the raw materials of 
their food upon the soil and the air, but that they derive at least 
some of it in an assimilable state from the plants on which they 
grow. Those which are green, like the Mistletoe, obtain certain* 
constituents of their food, like ordinary plants, from the air ;| 
those which hav^ no green colouring matter derive all their I 
nourishment by their roots from the plants on which they live.? 
It consequently happens that parasites, by living partially or 
entirely upon those plants on which tlie\ are placed, frequently 
injure and even destroy them, and in this way great damage 
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is done to Clover, Flax, and otlicr crops in tliis country and 
elsewhere. 

Besides the parasites just described, there is also another 
class of plants called m prouhti ics^ wliich, whilst af,o*ecing witli 
{parasites in derivmg their food from already formed organic 
(material, differ 5om this latter class by growing on dead organic 
{substances, and therefore assimilating such matter as is in a 
state of decomposition or decay. Such plants as Movotropa 
HypopithySf Corallorhiza innata^ Epipoyimn Gmeluil, and 
Neottia Nidus-avis^ together with the greater number of Fungi, 
are examples of Saprophytes. 

In the plajits which are lower in the scale than the Vascular 
Cryptogams, the roots are generally of a \er\' shnplc type. In 
all of them the root may be (lescnbe<l as the descending axis of 
the plant, as its gi\mth is always in the opposite direction to 
that of the shoot. It may be extremely rudimentars , as in some 
of the lowest of the Alga* or Seaweeds, where it consists oni.> 
of a single terniinal cell, which soon perishes. It may be formed 
of a mass of cells, sometimes tapering and branched, and hardly 
distinguishable from the thalloid shoot to uhich it is attached; 
or it may be a long hair-like structure, much resembling the root- 
hairs described as arising on the roots of the sporoph^te of the 
higher forms. In these lowly forms the root is only recogni- 
sable in the gaiuctophyte. The sporophyte is ne\er so far 
differentiated as to possess one. 

There are not wanting instances again of plants which bear 
no primary root at all. Such are the gametophytes of the Liver- 
worts, the sporophytes of Salviuiu and Psilotiuu among the 
rteridophyta, and of Utriculana^Epipoyiain.wwii V{)nillor1ii;:a> 
among flowering plants. The functions of the root fire in these 
cases discharged by modilications of other members of the plant 
body, or by adventitious roots developed after the stem and 
leaves have been differentiated. 

SnenoN II. — Thk Shoot. 

A. The Sinn. 

The stem is that part of the axis which at its first develop- 
ment hi the embryo takes an opposite dhectiiji to the root ; it is 
termed the ascending axis, and bears on its surface the leaves and 
other leafy appendages (,%. 36, /). It usually grows vertically 
into the air, thougli this is not invariable ; sometimes it is slender 
and weak, and trails along the ground ; sometimes it buries 
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itsolf beiit'aUi the siirface ami in gonci'ai appetiranec rescinbLe>, 
the root, rouj whicli, howe\cr, it can be distinguished bv beanng 
leases. The presence of leaves is therefore the essential cha- 
racteristic of a stem, in contradistinction to a root, from wliich 
such structures arc normally absent. 

The appendages of ijic stem arise in acropetal succession, as 
do those of the root ; but, unlike the latter, their places of origin 
are ^cry definite. We can distinguish on a stem the points 
from which they arise, which are known as nodes {fig. ^8 c,c,c). 
Each node may produce one leaf or more, and In the lu dsoi the 
foliage leaves, or the angle formed between the stem and leaf, a 
branch or branches may arise. The branch in many cases is not 
dc\'eloped far, though it is ahvays 
indicated. The spaces between the 
nodes, which arc always naked, arc 
called internodes { fig. '6%^ d, d). The 
dificrence m appearance betwt'on the 
nodes and internodcs is most evident 
in those cases where the niternodes 
are clearly developed, especially if 
under such circumstances the leaf or 
leaves which arise encircle the stem, 
as in the Bamboo and other Grtisses. 

In such plants each node exhibits the 
formation of a hardened ring bulg- 
ing externally, and thus produces the 
appearance of a joint or articulation. 

In some cases, the stem easily sepa- 
rates into distinct portions at these 
joints, as in •the common Pink, the 
stem then being said to be jointed or 
nrtieidatcd. 

At the apex of the main stem and 
of all its branches we find the surface co^’cred by the young 
huives, which, growing faster than the stem itself, roof it 
o\ er and protect^ it. The apex of the stem is never covered 

a cap like that of the root. Tlfl grow th of the stem in 
length is confined to the young internodes, and at first these 
remain short, the nodfjs being compressed together. The leaves 
at first grow most strongly on their lower sides, and are thus 
enabled to arch o\er the stem. During the period of active 
growth of the stem the young leaves are a cry loosely arranged, 
but when, as in the winter, such growth is suspended many 


Fkj. 3b. 
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of them are closely crowded together. The resting apex with 
its covering of leaves is then known as the bud. It is usual 
to speak of tenninal and lateral buds, according to their 
position at the apex of the main stem or in the axils of the 
leaves. In the latter case, however, the buds arc the termina- 
tions of the branches and are therefore really temiinal. 

The buds of temperate and cold climates, which remain 
dormant during the winter, and which are accordingly exposed 
to all its rigours, have generally certain protective organs de- 
veloped on their outer smrfacc in the form of modified leaves 
which are commonly called scalea, or ca topkyllary leaves . These 

Fig. 87 . Fig. .88. Fig. 89 . 



tfij. 37. V sbuot ono year old of the Hoi'hC-oliestiint, with terminal binl 
a. Soar produced by the falling oflF of the bud-scahs of the previous year. 
1). h. Scarb caustnl by the falling off of the i>etiolen (»f the leaves of the 
present year, with lm<l^, •*, in their a.xiK — Fuj. 38. Diagram to illus- 
trate the growth of the sh(M)t from the bud. c, r, r. The nodes where the 

leaves are situated, d, d. The iiiteniodes deveIop«l between them. 

/'*</. 39. Shoot of tlie Lilac {Sffnngn i'ul{iarU\ sliowlng suppression of 
the terminal hud, and two lateral bud? in its place {fah(> dichotomy). 


are usually of a Uaydened texture, and arc sometimes covered 
with a resinous secretion, as in the Horse-cliestnut and several 
species of Poplars ; or with a dense coating of soft hairs or down, 
as in some Willows. Such scales, therefore, by interposing 
between the tender rudufientary leaves of the bud and the air 
a thick coating of matter which is a bad conductor of heat, 
protect them from the influence of external conditions, by 
which they would otherwise bo injurecl, or even destroyed. 
Buds thus protected are sometimes termed scaly. In the 
buds of tropical regions, and those of herbaceous plants grow- 
ing in temperate climates which ai*e not thus exposed to the 
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inlluence of a winter, such protective organs would be un- 
necessary, and are accordingly absent, and hence all the leaves 
of these buds are of nearly the same character. Such buds are 
called naked. In a few instances we find that the buds of 
perennial plants growing in cold climates, v/hich are exposed 
during the winter, are *naked like those of tropical and herba- 
ceous plants. Such is the case, for instance, with the Alder 
Buckthorn {Bliamnna Frangnla), and those of some species of 
Vihnrnnm, 

Those protective organs of th(‘ bud are commonly, as we 



fig. 40. Branch ol Oak with alternate leaves and leaf-buds in their axils. 

((,a. Buds. ^b. Leaves, fig. 41, Vertical section through the end of 

a twig of the Horse-chestnut (JPjcmIms IJippoccixtanum\ before the bursting 
of the bud. After Schleldeu. 


have just mentioned, tenned scalen, but they have also received 
the name of iegwenta. That such scales are really only modified 
leaves adapted for a special purpose, js proved not only by their 
position with regard to the true leaves, but also from the gi'adual 
transition, which mav be frequently traced from them to the 
ordinary leaves of thi bud. These scales have only a temporai'v 
duration, falling off as soon as the gi'owth of the bud commences 
in the spring. 

The bud thus contains all the elements of a stem or branch ; 
as we have seen, it is really the first stage in the development of 



MAN FAT. OF FOTANY 


;jo 

thcHo ^arts, tJie axis being here so short tliat the rudiuienttu’y 
Jeaves are closely packed togetJier, and thus overlap one another. 
When growth connnenees in the spring, or whenevcT vegetation 
is reanimated, the internodes between tlie leaves become de- 
veloped {fig. dH, f/, d), and these therefoi’e become separated 
from one another, r, e, r, and thus the stem or branch increases 
in length, or a lU'W branch is formed. In other w ords, the leaves 
which in a bud state overlap one anothei and surround a grow- 
ing point or axis, by the elongation of the, internodes of that 
axis become separated and dispersed o^er a branch or an elon- 
gation of the stem. 

It frequently happens that many of the lateral buds never 
develop into branches. This is general 1\’ the case with those 
which are producc'd in the axils of the low er leaves of the tw igs 
of most trees, Soinetimes, though not developed at once, tlie,\' 
retain for years the powder of grow’ing into branches. These 
buds are called dorjnaiif buds, and the branches ultimatel^ 
arising from them are know'n as deferred branches. When 
they appear, they seem to be developed out of tlndr propel’ 
places, and make the branching appear very complicated. 

Branching. — Just as branches arc produced on the main axis 
or stem, so from the axils of the leaves of these branches other 
buds and branches are formed; these again will form a third 
series, to which w'ill succeed a fourth, fifth, and so on. M'hen 
a branch system is well developed in this w'ay, the term hraneh 
is often applied to the larger divisions only, the smaller being 
known as tmgs. The large branches of trees arc generally called 
houfflis. The general arrangements of the divisions of the 
stem constitute its hrnucJufigf wdiich may be deiincKl as the lateral 
development of similar jiarta,. The divisions of a stem or root are 
branches ; but the lateral development from a stem or branch, of 
leaves or other dissimilar parts such as hairs, is not branching. 

There are tw^o principal types of branching, the lateral and 
the dichotomous. When the axis continues to develop in an 
upw^ard direction by a tenninal bud or growing point, and its 
branches are produced fran smaller growing fioints originating 
laterall\ on the main one, the branching is called lateral. 
This is, pr(»bably, the universal system of branching in 
Angiosperms, although there are some*^ apparent exceptions. 
But when the terminal bud or growing point hif nrcaies, wod 
thus produces tw’o shoots, W’hich. at any rate at first, are of 
equal strength, so that the foot or podium bears tw^o branches 
arranged in a- forked- manner {fig. 4*2), the branching is 
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termed (Hcjiotoinond. TJiis form is coimiioii in many of tbe 
t^ryptogams. 

In dichotomous branching wc liavc again two forms: one 
whicli is termed intr or nornml {Jichotomif, in wliieli the two 
branches continue to develop etjually in a forked manner tliat 
is, each becomes the podium of a new dichotomy {fitj. 42)- and 
a second, in which at each di^ision one l)rancli grows mncli more 
vigorously than tlie other and dixides into two, while the other 
remains undivided; this is called Hiphjnnl ntl {fiij. 4H, A and B). 
Tn this latter case, owing to the une(|ual growth of tlu' branches, 
the strong limbs of siieccssixe bifurcations form together an 


Fig. 42. 


Fig. 4:L 



I'lq. 42. Diiijfrani of iionnul or tmo tlu*liotoinon« hranclnii^r, showiuff tlie 
t\s<» liranc]io«< ocj nail V ill a forked manner, and (‘n<'li liranoli di- 
viding ill “neeossion in a similar wav. FtO> 43. Diagrams of sympixlial 

dicbotonion« liraiicliiiig. A. Helieoul dicliotoiny. B, Scorpioid diebotoui.i. 
Ill A, tlie left-band lirniicbes, nf successive dicbotomies are uiindi 
more developed than tlie right, i\ i\ /% r. In B, tbe left-hand iirnnebes, 
U U and tlio«e of tbe right liaiid, /•, r, are alternately moiv vigorous ni 
their growth. Tlie limbs ot the dichotomy wliicli become the sncce'-sivc 
segments m tbe synipodiiim arc indicatet] by the lines drawn inside tlie 
latter. After Sachs 


axis which is termed the pscml-aHs or sympoilium, from which 
the weaker fork-hranches or bifurcations appear to spring as 
lateral branches {fig. 4d, A, r, r, r, r, and B, r, /, r, /, r). This 
branching might at first sight be confounded with the monopodial 
^ type of lateral brandling, in which ^ve have a continuous axis 
giving off lateral branches ; hut it differs in the fact that here 
the apparent primary axis consists of a succession of daughter- 
axes fused together in. the course of development. 

In sympodial branching, the sympodium may be either 
formed of the fork-branches of the same side (left or right) of 
successive dichotomies (Jig. 4/1, A, /, /, /); or it may consist 
alternately of the left and right fork-branches or bifurcations 
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(/?//. 43, B, L }\ /, >’). Ill thf foriiuT casi' it is culled helicuuL 
dichotomy \ in the latter, scorjjioid dichotomy. 

Of th(‘ lateral branching there are also two forms, the rare- 
mo}tc. QXjno)to]iodial and the rymosc Fn the first the priinarv 
axis continues to develop upwards and f,dvos oil acropetallv 
lateral branches from axillarx buds, which also give off lateral 
branches in a similar manner^ The main axis here constitutes 
a monopodium , as it forms a single foot or podium for the 


Fio. 44. 



Ft!/. 44. Diiigrjiui to (‘mih)^o branching A. T)iolia‘?lal c.miip or 

DichaMinm. The ‘'Urc-osslve axes an* marked by the lottery tf, 

Tlie oontjiuiation of pnoh axiH above tlit* of ori^fin of tha axes fjprlii;^- 
iiiiif from it the thlu hue termmated by a small oirele. B. niehasium 
with the sLieeespivo axe*^ suppressed «iu one side, forming a lielicoid 
\vmpodium. ( Scorpiold sympodiam torme<l by the suppreasinn of the 
^ucces5lve axes on alternate sides. D. The same after it has become 
straightened by gro\rth. The apparent monopodium i= seen to be com- 
posed of part® of the ®uncC'®ivp axe® 


branches. In the evinose form the lateral axes at an early age 
* develop mucli more vigorousl^ than the primai^y axis, and each 
Ogives rise to other lateral branches in a similar way {fiy. 
44, A). In some plants an apparent but false dichotomy is 
produced by the partial or total suppresi^on of the terminal 
bud or main growing point and the subsequent \ igorouB growth 
of the closely arranged lateral buds, which so fonn two shoots 
apparently radiating from a common point, as if caused by the 
division of the tenninal bud, as in trae dichotomous branching. 
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This suppression of the terminal bud may occur naturally, as in 
the Lilac (/</. 39), or accidentally from frost or other injury. 

AVhen two buds arise just behind the apex and two branches 
are consequently developed there, as in ./q/. 44, A, the branch 
system is called a divltasium ; 'when there are more than two a 
polijchasiaiu results, ^he branch system in these cases may b(‘ 
called 2 )ol}jpo(UaL When, on the other hand, only one branch 
is developed at each point, and this becomes stron^^er than the one 
from which it springs, wehaveapseud-axisors//;//^;or/i/n// formed, 
closely resembling the sympodium of dichotomous branching. 
It can be distinguished from the latter by the fact of the branch 
arising behind the original growing pomt, and not from its 
division. The sympodium may be helicoid or seorpioid as in 
the other case. The branching of many forest trees is of tliis 
kind. 

The pseud-axis as first formed is crooked, and shows its 
mode of formation (yh/. 44, 13, C). As it gets okh'r the coulnmed 
gi’owth and thickening of its Kuccesshe parts cause it to become 
straight 44, i)), and it is then \ery difficult to distinguish it 
from a monopodium, particularly when the leaves hav(‘ fallen off. 

These modes of branching will be again alluded to under the 
head of Inflokescknce, or the arrangement of tlie flowers, in 
which connection they will be more fully illustrated. 

All lateral or axillary buds are called regular or 
their arrangement in such cases is necessarily the same as that 
of the leaves. As branches arc formed from buds thus placed, 
it should follow that their arrangement slioidd also correspond 
to that of the leaves. This correspoiuUng symmetry, however, 
between the »iTangeincnt of the branches and that of the leaves 
is interfered with from various causes. In the first place, 
many of the regular buds may not be developed. Secondly, 
other buds may arise irregularly at various other points than 
the axils of leaves : these are called, from their abnormal origin, 
adventitious. And, thirdly, accessory buds may be formed. 

1. Non- development of the Regular Buds . — This frequently 
iakes place irregularly, and is then (^/iiig altogether to local or 
special causes ; want of light, too much crowding, or bad soil 
niay cause many bt^s to become aborth e, or to perish after 
having acquired a slight development. In other eases, how- 
ever, this non-development of the buds takes place in the most 
regular manner ; in Firs, for example, w'here the leaves are very 
closely arranged in a spiral manner, the branches, instead ot pre- 
senting a similar arrangement, ore placed in circles around the 
. VOL. L 



34 


MANUAL OF BOTANY 


axis at distant intervals. This arises from the non-development 
of the buds of many of the leaves which form the spire, which is 
followed by the development of those of closely succeeding leaves ; 
and as such leaves are thickly placed, we arc unable, after the 
development of the branches, to trace clearly the turns of the 
spire, so that the branches appear to be turauged in a circle. 

2. AdventliioLLH Buds , — These have been found on various 
parts of the plant, such as the root, the wood^^ portion of the 
stem, the leaves, and other organs. When a tree is ^jo?- 
larded—ihai is, when the main branches and the apex of the 
trunk are cut off, and a great quantity of nutritive material 
subsequently accumulates in the latter — a multitude of adven- 
titious buds are formed, from which branches are dc\'elopcd. 
The branches thus produced by pollarding are, howex er, often 
suirplemented by the dc\eiopment of regular buds which liaM- 


Fro. 45. 


Fig. 46. 



/’«//. 4b. Lesit ot Bniopliullum cahjanum Inuib nji it- iiiarguis. — 

/Vf7. 46. A portion ot the Jeuf of ih mthoyahim (hin widt uniy hhowiiif,' biidt, 
b, b, on ith t>uiface. 


become dormant from some cause ha^ing at first interfered 
with their growth. ,, 

We have seen that normally leaves do not give rise to otlior 
leaves or to branches. Occasionally, in consequence of wounds, 
the latter do arise, and, indeed, are often produced artificially, 
on various IcaA^es, such as those of species of OcsHcra, 
Gloxinia^ and Begonia. They arc cut in various places and 
subsequently placed in a moist soil, and exposed to tin* other 
intluenccs wliich are fa\oCn’able for the grow^Ch of buds. The 
branches developed on the leaves, in such cases, ultunately form 
independent plants, and this process is ^ therefore constantly 
resorted to by gardeners as a means of * propagation. These 
adventitious branches differ from those commonly produced in 
the axils of leaves, or at least from those which remain dormant 
during the w'inter, in being smaller, and having no external 
protective organs or scales {figs. 45-46). 



GENERAL ^rORPHOLOGY OF THE PLANT 35 


3. Acccbborij Budb . — The third cause of irregularity in the 
distribution and appearance of branches arises from the multi- 
plication of buds in the axils of leaves. Instead of one bud, 
wo have i)i rare cases two, three, or jjiore, thus situated (Jijjb. 
47-49) ; such are called accrunorjj bitda. These buds may be 
placed either one above another or side by side. In certain 
Willows, Poplars, and Maples, we hav e three buds placed side 
1)> side {jiff. 47, //), which frequently give rise to a correspond- 
ing number of branches. In some Aristolochias, in Walnuts 
(Jiff, 48, h), in the Tartarian Honev suckle {fuj. 49, 5), and 
other i)lants, the accessory buds are arranged one above luiothcr. 

Fio. 47. Fiu. 48. Fio. 49. 




ii. Brandi o/ H ■-pedfs of JM.iplc wiHi thio' hudi-, 
((y pLiccHl sulo by — Fk.u 4K. A piccp of ,1 
bidiK'h ul tbo Wiiiniit-tive. Tlio petiolo liavni)/ 
m it> axil u nuudxT ol budi- plaocU on*' .iboye tlii' 
otiicj, the n|)pormu->t, /», ino'^t d(.\doiitHl - --/’e/. 4'J. 
A plocc of u branch of the Tiiituilun nouo^\ fruckb' 
( la/ (at iVit), bearing a leal,/, with miuieroU'- 
biuB, h, in its axil, placixl ubo\e one iiiiutlicr, tlic 
lo\M imoj-t U'lijg the must developc-d. 


iSoinetimes the uppermost bud nlonc de\elups (//</. 4H, 5), as 
111 the Walnut, and eo the branch wliicli is formed arises at a 
point on the stem higher than the axil of tht* leaf, and appears 
.IS if it were on the internode. It is not really so, as the node 
li? longer than nf normal node. Thf leaf is then said to bo 
rj tra-axillarif. In the Tartarian Honev suckle {Jn/. 49, ^), the 
.ixillaiy or lowest budjis that which forms the strongest branch, 
over which a nuinbe? of smaller branches are placed, arising 
fi'om the development of tlie accesvsory buds. In some trees, ;is 
the r.arch and Ash, and frequently in herbaceous plants, such 
as the Asparagus, the branches which arc furmod from the 
accessory buds, which are often very numerous, instead of 

i> 2 
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remaining separate, fuse together laterally as they grow, and 
de\elo 2 ) as a broad, Hat, and a.p 2 )arently single branch. Such 
abnormal branches arc coiiimouly called fane idled. Fasciated 
branches may, however, be produced by a single dud dc^elo 2 )- 
ing in an irregular manner. 

In some cases, as in Cuscutd^ several buds occur in the a\il 
ot the same leal, owing to the branching ot the original single one. 

Besides the three principal cases mentioned of abnormal or 
irregular development of the branches, some minor ones are 
met with arising from the formation oi cj.‘lra-ff.villaru branches 
in other ways than those just alluded to. The branch may 
adhere lor a short distance either to the stem or to the leaf- 
stalk, causing curious apparent displacements. 

Sometimes the subtending leaf is suppressed, as in many 
inflorescences, where the Hower scorns to spring from the stem 
(|uite independently, in some Mosses the normal position of 
the branch is at the back of the leaf instead of in its axil; in 
others it arises at the side of the leaf. These variations follow 
the mode of division of the coll from which both leaf and branch 
originate. In some of the higher plants, both in the Vascular 
Cryptogams and the Flowering Plants, each branch appears by 
the side of a loaf. In others there is no relation at all between 
the origins of the two members, as in Lijeopodiam. Floral and 
scaly leaves, moreover, do not bear branches in their axils. 

Ad\entitious shoots soinctimcs arise from roots, as may be 
observed in many Bomccie^ the Moutaii Pyuony, the Japan 
Anemone, and many other plants. They may in many cases he 
m’tilieially stimulated to appear ; if the root be woimded, it will 
often lu'oduee them, much in the same wa.^■ as da the leaves of 
Befjonia. The Blackberry under such eireumstancos will pro- 
duce shoots from its roots, so freely indeed that the jilant can be 
propagated by root-eiittings. 

Forms of Stem amd Brancjies. — T he stem is usually more 
ur less cylindrical, though this is far from universal. In many 
lierbaccous plants it becomes angular, and m some, particularly 
in those of certain natural* orders, as the Caclacccc, Orchidaceie, 
Euphurbidcca% i'tc., it assumes a variety of anomalous foiins. 
In many epiphytic Orchids it becomc^s more or less oval 
or rounded, and has received the name of psendo-balb {jifj. 
33, 6, b ) ; in the Melon-cactus it is globular ; and in other 
Cacti it is colmnnar, more or less llattened, or jointed. In the 
Tortoise or Elephant’ s-foot Plant (Test u (Unaria eleplm^dipes), 
it forms a large rough irregular mass. 
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In general, steins are strong and rigid, and can therefore 
readily sustain themselves in an nniyght position ; hut many are i 
too weak to support themselves ; these ('ither trail along the 
ground, or attach themselves to some other plant or neighhour- 
ing object. Those which trail on the ground are said to be 
or pro8i)%itr ; if when thus reclining they rise to- 
wards th(‘ir extremity, they are (l enmheni ; if they rise obliquely 
from near the base, Those wliich (ding to neigh-| 


Fig. r,i). 


/’/'/ fid. 01iinl)inK ol tne 
Iv^ , rt, a. Acnul root^!. 


Fm. 51. 



Fuj. 52. 


Ftij. r>i!. ‘itoni ol a 

specie® ot CohvoIi'uJho 


/’//A f)l. Twining «tpni of HoiiP.Vt-iU’klt*. 


bouring plants or other objects for support are called rl iwh lrifj 
if they proceed a more or less n’jtil inear direction, as in tlu‘ 
rassion-dower, wdiere they adhere to other bodies by means of 
little twisted ramifications called tendrils, or in tlie Ivy, where 
they emit little from fKeir sides, by which they 

cling to neighbouring bodies {Jig. 50, a. n). If such stems twist 
round other bodies in a spiral manner, they are said to be 
fim ning ; and this twining may take place either from right to 
left, as in some Convolvuli [fig. 52), French Bean, and Dodder ; 
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or from left to rif'ht. as in the Honeysuckle (//(/. 51 Hop, and 
Black Brvon>' ; or first in one direction and then n another, 
irregularly, as in the WJiite Bryony. The climbing and twining 
stems of cold ind tcnnperate regions arc' generally herbaceous 
or die annually, although we have exceptions in those of the 
Ivy, Clematis, anti Honeysuckle, wdnch tire woody. Tn tropical 
climates these woody climbing and twining stems often occur ; 
they are called Hanna or and the> frecjnenlls ascend to 

the tops of the loftiest trees, and then either descend to the 
ground again, or pass to the branches of neighbouring trees. 

5 The stem has received many names according to its nature. 

‘ It is called a cq^ia in plants which are herbaceous, or die 
down annually to the surface of the ground ; a i rnn l\ in trees, 
where it is woody and perennial; a c/if/a?, in most Grasses and 

; Sedges, where it presents a jointed appearance; and a randn 
or in Tre(‘-fems and Palms. 

tTcrhs, Shrnhs^ and Trcc«.--From the nature, duration, and 
mode' of branching of stems, plants have been aiTangedfrom the 
earliest periods in three diHsions, called, respectively, Hrrhs, 
Shrnha^ and Trrea, Those plants w’hich have stems that die 
down annually to the surface of the gi’ound are called herhs ; 
while those with perennial aerial woody stems are denominated 
treea or ahruha according to circumstances, aa described below. 
Herbs are also further characterised as annual y biennial, and 
perennial. They are annual when they live onh through 
one season, that is, between the spring and wunter ; hienniah 
w’hen they spring from seed in one season, and die in the 
second, after producing flowers, fruit, and seed ; and/>crcwm«/, 
w’hen they spring from seed in one season, and continue to live 
through a succession of years, tht‘ sub-aerial parts dying down 
in the autumn, and in the succeeding spring new’ herbaceous 
stems growing up. The term free is applied if the branches 
are perennial and arise from a trunk. When the branches arc 
perennial and proceed directl,\ from, or near to, the surface of 
the ground, w'ithout any trunk, or wdiere this is very short, a almih 
is fonned ; this, when lowland bi'anched very much at the base, 
is denominated a hnah. The tenn nndrrahrnh is applied to a* 
small shrub which is intermediate in its characters between an 
ordinary shrub and an herb ; in such a planj some of its branches 
generally perish annn ally, wdiile others are more or less permanent . 
All these kinds of stems are connected by intenuediate links, 
so that in many cases they are by no means ^vell defined. 

The shape of a tree is very largely dependent upon its method 
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of branching. When the latter is distinctly and continiionsly 
racemose, the axis being prolonged upwards in a straight line 
from base tf) summit and the lateral branches growing acro- 
petally from its sides and branching similarly themselves, we 
iuive trees of pyramidal form, as most Firs. When, on the other 
lumd. the branching \% cymose, the head of the tree becomes 
more or less rounded, as w^e see in many of our forest trees. In 
tlie case of racemose branching, the stem is technically said to 
lie cxcurrent \ in that of cymose branching, drliquescent. 

The shape of a tree depends not only on the character of the 
branching, but on the nature of the branches and the angle they 
make with the stem from which they arise. We see illustrations 
of this if wo compare the Cypress and the Cedar, the Oak and 
the Lombardy Poplar. A very peculiar form is met with when 
the angle of the branches is very obtuse, and the latter bend 
doT^Tiwards from their origin, as in the Weeping Ash and 
Weeping Elm. A similar appearance is presented by the 
Weeping Willow and the Weeping Birch, but in these cases 
the drooping of the branches is due to their weakness and 
flexibility. 

In many of the trees with excurrent stems the lower branches 
perish comparatively early, instead of growing out to great 
length. The tree, instead of being pyramidal in form, then has 
a naked trunk of some lengtli, as may be seen in many fir trees. 

/•Kinds of Stem and Branches.— We have seen that the 
stem when first developed always grows upwards, while the 
root at the same time grows downwards. In many instances 
this original direction of the stem is continued more or less 
throughout its life, but there are many cases in which, for various 
reasons connected with the habit of life of different plants, this 
does not take place, the stem being curiousl}^ modified to serve 
different purposes. Sometimes it or some of its branches 
remain undergi’ound, and look very much like roots, from 
which, however, they can be distinguisbeil by bearing leaves. 
From these peculiarities in the direction and growth of stems 
and branches, have a numbei^ of modifications needing 
* description. These arc best treated of under two heads, namely, 
those which are aerinl, and those which arc nu hter ranean. We 
can, however, hyTi} means draw’ a distinct Ime" oetw’een the 
modifications of stem w’hich these two divisions respectively 
contain, as certain forms occasionally pass from one into the 
other, being subterranean and aerial at different points, or at 
different periods of their course. 
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1. Aerial Modifications of the Stem and Branches. — ut 
these tie ' mor e'Ymportant are the runner, the offset, the stolon, 
the sucker, some forms of the rhizome, the phyUoclade, and the 
thorn. Certain forms of tendril may be included here. The 
flower is also a modihed shoot. The rhizome is usually sub- 
terranean, and will be described later. 

Fig. 63. 



Fig. A ])ortion of tlje common Strawberry plant. An axis prodncint? 
ft tuft of leaves at its extrennty, the upper of whielt, ?•, ^re well’developeil 
and an<l the lower rutninentnry. From the axil of one of the latter i 

a second axis or runner, o". nr benriiip a rudimentary leaf,/', near the 
middle, and a elu>'tor of leaves, r, at its end. a' . A third axis producetl 

in a similar manner to the former. /, f. Roots ^or i-ootlets. Fig. 54. 

Off'^et of ^niperrmtm.—hg. 56, Plant showlnfsrthe process of lanerhig. 

a. The Run ner or Flaejellum 68), — This is an elongated, 

slender, prostrate branch, a\ sent off from the base of the stem 
and giving off at its extremity leaves, r, and roots, /, and thus 
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pi odneiii^^ h new plant, which extends itself in a sin dhir manner. 
The common Strawberry propaj]fatcs itself in this fashion. 

1). The {JW‘ — This is a short, prostrate, more or 

1(‘S8 thic¥encd branch, whioli produces at its apex small roots 
and a tuft of leaves, and thus forms an independent plant, 
which is capable of pj’odiieing other offsets in a like manner. 
It is well seen in the Houseleek. It differs vei\\ little from 
the ordinary runner, except in being shorter, 80 lne^\ hat thicker, 
and having its leaves distinctly tufted. 

c. The Stolon. This is a branch which is given off above 
the surface of the earth, but which curves downwards towards 
it ; when it reaches a moist spot it sends rootlets into the 
ground, and a stem upwards into the air ; being thus capable of 
acquiring food independently of its parent, it ultimately forms 


Fm. 50. 


Fi(t. 57. 



Ftps, I5G find 57. Slicker® of specie® of Mnithn. 


a new individual. The (hirrant, (looseherr\, and other plants, 
multiply in this way. All such plants are said to he stolon (feronfi. 
Gardeners imitate this natural formation of new individuals 
when thej’ press down a branch into the earth, a new plant 
being ultimately formed from it ; this process is technically 
called laijerinq ( //V/. 55). 

d. The Snrjfer 56 and 57). — This is a branch which 

* arises fi-TTHT'llie stem below the surftce of the earth, and which, 
after proceeding in a horizontal direction for a certain distance, 
and giving off little joots or rootlets in its course, turns upwards 
into the air, and ultimately forms an independent plant. Good 
examples of this kind of stem are seen in the Rose, the Rasp- 
berry, and the Mint. The sucker can scarcely be said to differj 
in anj' essential particulars from the stolon, except that it is^ 
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originall y siibteiTanean and ultimately . aerial ; whereas the 
slolbn is first aerial, and then subterranean. 

e. TliP Pliifllocladr.—ln some plants the leaves are very 
feebh developetT and soon fall off, or arc modified into spinous 
or needle-like processes. In such cases the stem performs the 
functions of the leaves, becoming gjjeen and assuming a 
flattened or rounded form. Such a stem is called a 
Examples may be seen in many Cactuses, 'where the stem is 
either globular, or composed of flattened or round joints, or ot 
ninged columns. In certain Liliacrer the pliyllocladc has the 
shape of an ordinary foliage leaf, from which it can be dis- 
tinguished by bearing leaves and flowers, either on its margins 


Fig. 58. 


Fig. 59. 


Fig, fiO. 



/'lO- ''iS. Pli.VlloclnilP of Ritsrus aaileatas. /, leal; lloclaile ; /, flower. 

Fill Urmiclniif? tlioni of the Honey l.oensit Fig GO. 

fx'afy tliorii'! of tin* eomnion Sloe. 


or at some point on its surface. Such a branch consists of only 
one internodc ; it is soft and pointless in Murniif/iffUHW ; firm, 
hard, and spiny at its apex in Biiscua aculrafiis {fig. 58). Its 
stem -character can be seen also from its arising from the axil 
of the tnie leaf, which is very small and soon falls ofl‘. Phyllo- 
clades of this kind have also been called cladodca. ' 

f. T]ja .Xdiorn.— It sometimes happens that a normal bud, 
instead of developing as usual, and producing a symmetrical leaf- 
bearing branch, becomes arrested in its growth, and forms 
a hardened simple or branched projection terminating in a 
more or less acute point, and usually bearing no leaves, as in 
CratceguSf GleditscJiia {fig. 59), and many other plants. Such 
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an irregularly developed branch is called a ihorn. That the 
thorns are really modified branches is prox ed not only by their 
structure, xvhich is exactly the same as the stem or branoli upon 
which they arc placed, but also by their position, in the axils ot 
leaves ; by their sometimes bearing leaves, as in the Sloe {fig, 
60) and Spiny Rest-lwTOw ; and by their being frequently 
changed into ordinary loaf*bearing branches by cultivation, as 
in the Apple and Pear. Thorns are sometimes confounded 
with prickles, but they arc readily distinguished from these by 
their structure and connection with the internal parts of tlu' 
stem ; the prickles being merely formed of hardened parenchyma, 


Fig. 61. Fnn 62. 



/'/</. ril. A poi-tion ol tilt* 'tteui of /<• v r 'J’< lulnl-. 

Fia. G‘2. Pnrt of the ‘•tetn «»f tin* Vino, r o. r Tondnl- 


arising immediately from, and in connection only with, the 
epidemial tissue and cortical cells beneath. Thorns must not 
be confused with sj^inesi, which are prickly bodies arising gener- 
ally upon the jyin.rgins or apices of leaves, as in the Holly. 

• Sometimes a whole leaf is metamorphosed into such a spine. 
Both these modifications serve as means of defence of the plant 
against the attacks (|f browsing animals. 

g* Tlie Tc y?f7r?/.— -Another iiTegularly developed branch is 
the tendril or cirrhvs : this term is applied to a thread-like 
leafless branch, which twines itself spirally round some support- 
ing body, as in the Passion-flower {fig, 61, r, v). Its peculiar 
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characteristic is that it is sensitive to contact with a foreign 
body, sncli as a stick or similar object, and wlieii thus excited 
it coils round it. Tendrils may be also observed in the Vine 
[fiff, 6‘2, i\ V, r), where the\ are the terminations of separate 
axes. 

Tendrils are occasionally produced from leaves and some 
other organs of the plant ; these peculiarities wull be referred to 
hereafter, in the description of those organs of which tliey are 
respectively modifications. 

2. Subterran ean Modifications of the Stem and JIranches. 
All these iiioclSi ca ti ons of the stem and branches were formerly 
confounded with roots. They are distinguished, liowever, from 
roots, either by the presence of buds or of scales (rafajiliyllarji 

Fid. 03. Fin. (54. 



Fw t'.3. A portitm of tlie rliizomoof n '^pceies of Jna. Fio. bl. A portion 

of the rhizome of the Solomon’s Seal {Folygotiatum multiflorum ) h. Re- 
mains of the flowering stem of the present year. ?>'. Lateral bud, which 
will produce the flowering stem of the next year, r, c. Scars produced by 
the decar of the flowering stems of the two" preceding year=. / , Root- 
U't= The whole rhizome is a sympodlnm. 

leavph), or by the presence of scars on their surface wdiich are 
produced by the falling off of former leaves or buds. The dif- 
foront kinds of aerial stems described above, when partially 
subterranean, may be also distinguished in a similar manmu’ 
from roots. 

a. T Jtc lihi.j o/nc or roof stork and 05).' This 

is a proSvate thlcTiened stem or branch running along the surface* 
of the ground, or more generally parties or entirely beneath it, 
and giving off small roots or rootlets from Jits low^er, and leaves 
and buds from its upper side. These steins sometimes creep 
for a long distance in this way, and have their upper surface 
then marked by scars (fig. 64, c,c), w^hich mark the limits of 
the successive annual growlihs or aerial shoots. Such stems are 
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found in the Iris, Sweel-dag, G in ger, Ti\]anerie, Solomon’s Seal, 
Fern, and many other plants. In some eases these rhi/omes are 
placed in a ^e^tical direction in the earth {rreci rlii.jonie^)^ and 
they then bear a great resemblance to roots, as ni the i)e\irs- 
bit Scabious (Scabiosa itnccim), where such a rhizome is eoni- 
monly but crroneously*linown as a pvmnione yoot {Juj. 66). 

The rhizome imy continue to elongate at its apex through- 
out its life as in the Rrackon Fern, or the apex ma\ grow out 
into an aerial shoot, while a bud is foiined laterally in tlie axil 
of a leaf at its base. This continues the elongation of the rhizome. 


Fig. 65. Fig. (>6. 



t ijj. b6, Cuutorted rbizouie ol hn^Uni {J'iUiigoutint / <>/. bt>. 

rr.vuiorse rlii/onit* of the Devir!?-I)it. Sj'iibioUN { ,^raO(oif(i 'cn'i'tsii ) 


eaiisnig the torniation of a s.Miipodiuni, as m Solomon’s Sea) 
{jif/. 64). 

(.AV* bind of stem is a 

slender branch which runs along beneath the surface of the 
earth, emitting small roots from its low(‘r side, and buds from 
its upper, in the same manner as the rhizome, and it is con- 
^sidered by many botanists as a variety of that stem. The only 
d ifferen ces existing between the creeping stem as dedined above 
and the rhizome are its more slender form, its coiinnonly greater 
length, and its entirJly subterranean course. The Sand Sedge 
{Carex arenaria) {jUj. 67), and tho Coucb Grass {Tnticuni 
vepem)^ afford good examples of this stem. In some instances 
such stems serve useful purposes in nature ; those of the Sand 
Sedge or Carex, by spreading through the sand of the seashore 
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and in this way binding it together, prevent it from being 
washed away by the receding waves. Others, on the other 
hand, like those of the Couch Grass, ar(' the pest of the agri- 
culturist, who finds it very diliicnlt to destroy such steins by 
cutting them into pieces, for every node is capable of developing 
a leaf-bud and roots, and therefore each of the pieces into which 
they may thus be divided will become an independent indi- 
vidual. tSuch a process, instead of destroying the plants, only 
serv'es the purpose of still further multiplving them t)y placing 


Fiu. 67. 



l iij. U). t'l'tvpiug bU'Ui of tiic sujiil l/iutv (L'aitJt: aiemna). J. Teruimal 
'uid by wbicb the t-tom oontiuue:? to ulons'uto. 2, 3, 1. Plioot-^ prcKlncnl 
lioiu f(»itnei 

the separated parts under more favourable cncumotances for 
development. 

c. T//C Tub er 68 and 6'J). Tins is a subterranean 

.stem or branch, arrested in -its growth, and excessively enlarged 
by the deposition of starch or other nutritious substances in its 
tissue. It has upon its surface a variabli* number of little- 
buds, or e//t’f<, as they are sometimes called, from which new 
plants are ultimately formed. The presence of these buds 
indicates its nature as a kind of stem. It is a moditicatioii 
which has for its purpo:ie the propagation* of the plant. 
Numerous tut)^^ are formed on each pai’ent plant, becoming * 
separated from it at maturity. Each gives rise to one or 
more voimg shoots from its buds. I)uri8g the formation or 
development of the tuber a large amount of starch and other 
iiutrithe material is stored in its substance to support these 
young shoots dining their early development till they emerge 
into the air, expand their leaves, and put out adventitious 
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roots. The purpose of the modihccitioii is similar to that of 
the fleshy biennial root, which has already been described 

Fia. 68. 



Fio 68, Tuberri of the oommou Potato ( !i>okuium tuberosum ). 

(page 21j. The Potato (Jig, 68) and Jerut’iiJem Artichoke 
( fig. 69 j aflbrd goo^ lUustrations of tubers. 

Though normally growing underground, tubers sometinies 
appear in the axils of caulinc leaves. This is generally a con- 
sequence of the destruction 
of the subterranean tubers. 

in certain plants, such 
as some epipjiytic Orchids, 
a portion of the suh^acrial 
.stem may be thickened, the 
thickening sometimes being 
confined to one internodc, 

.sometimes extending to more 
than one. This thickening, 
which resembles •a tuber, is 
often spoken of as a pbeiido- 
bulb (fig, 63, b). 

d. The Bu lb.— TA s is a 
bhorten*cdr usually subter- 
ranean stem or branch, generally in the form of a rounded or 
flattened plate or disc (figs. 70-72, /c), which bears on its surfat'e 
a number of fleshy scales or cataphyllary leaves ; or it may 


Pi(.. 69. 



Fiy. Si). Tuberh of tliu .luri^fcalcm Arti- 
choke (JldianUnis luWrosus). 
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be considered as a subterranean bud of a scaly nature which 
sends oti‘ roots or rootlets from below (fi(j. 72, &), and a dowering 
stem upwards [Jiif. 70, and Jigs. 71 and 72, d). The scales 
are generally more or less thickened by deposition of nutritive 
matters ; these, therefore, become reservoirs of nutriment for 
the future use of the plant, just as in Other cases the enlarged 
stems luid roots servo a similar purpose. The true bulb is only 
found in Monocotyledons, as in the Lily {Jiys. 71 and 72), 
Onion {Jig. 73), and Tulip. The scales of a bulb, like the 
]ea\cs of a branch, often have new bulbs developed in their 
axils {Jig. 70, h) \ these are called by gardeners cloves, juid 
their presence is an additional proof of tlie homology of a bulb 
w'ith a branch or bud. 

Vm. 70. Fig. 71. Fig. 72. 




J'tg. 7U. vertical Meetioii •! the ftculy Imllj of the Lily u. Sliorteiiwl axis 

or bteiii, 6. Lateial 1 .lb or clove, p . FIosnciiuk stem. r. Be^ales. 

/o/. 71. Verti«'al set'tuuj of the scaly bulb of the Lily. Fttj. 72. Scaly 

liulb of the Lily. a. SI irteneil u\ih or stem. b. Fibrous roots, c. Scales 
</. Flowering stem. The letteris refer to the same parts in the two latter 
hgiirc'!. 

Jiiilbs may be commonly dibtiiiguibhed as tunicated {jig. 
73), and scaly {Jigs. 71 and 72). The t iudcatcd^ hitlb is w^ll 
seen in the Squill and Onion {Jig. 73). In this kind of bulb 
tlie inner scales, whicITlire thick and dcsJiy, enclose one 
Jinothcr in a concentric manner, and are coh ered externally by 
thin and membranous oii^s, which form a covering or tunic to 
tliem ; hence the name fmiicafcd or coated^ which is applied 
to it. In the or naked bulb {Jigs. 71 and 72) there are no 
outer di’y scales ; it is composed of thiefe, tleshy leaves, W’hich 
overlap one another. 

The young bulbs {cloves) {jig. 70, 6), which ai*e developed 
in the axils of the scales of Whs, in some cases remain 
attached to tlieir parent, which they then commonly destroy 
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by absorbing all its stored-up niitrinieiit ; in others they become 
separated in the course of gi’owth, and form independent plants. 

Small bulbs are sometimes developed in the axils of aerial 
leaves. They ai’e buds whose leaves have become fleshy. 
They sepsirate from their parent and produce new individuals. 
The same phenomenon "has been mentioned as occurring in the 
case of tubers, These aeri^U^ulhft, ov hulhils^jive met with in 
some species of Lily a, rt),tKe Toralwort (Devtaria hulhi- 

fera)^ and Pilew’ort {Bammcnhts Ficaria), 

e. The Corm . — This form of stem, like the true bulb, is 
chiefly found in Monocotyledons, as the Colohicum {fig. 77) 
and Crocus {figs. ITi and 7fi). It is an enlarged solid snbtev- 

Fm. 73. Fio. 74. 




/'■ig. 7:J. Tunicatol hull) of the Onion. -Fig. 74. Stem of a ppccies of Lily 

(Lilimn hvibiftrum) l)Pariiipr hulbilfl or bulblotP, a. a. in the axih of Itn 
leaves. 

ranean stem, rounded in shape, composed of two or more inter- 
nodes, and commonly covered externally by a few thm mem- 
branous scales or cataphyllary leaves. It Offers from the bulb 
by the stem becoming large and fleeiij’, and the scales being 
reduced to thin membranes. The corm shows itself to be a 
kind of stem by producing from its surface one or more buds, in 
the form of ^young coriis, as in the Crocus {fig, 75, u, 5), where 
they proceed from the apex, c, and ultimately destroy their 
parent by feeding upon its accumulated nutriment. These 
new conns, in the next year, produce others near their apices, 
and these by developing at the expense of their parents also 

VOL. I. E 


r>o 


^fANUAL OF BOTANY 


destroy them in like manner, ajid again form other corniR by 
which they are theniHelves destroyed, fn this manner the 

Fm. 75. Fio. 70. 


76. (lonns of droeu^ Mtims. a^h, Tlit* ufw conns, arising from r, the 
apo\ of tlifi old or parent conn. — Fuh 76. Vertical section of the fonner. 

The letters refer to the same iwrts. 

new comia, as they are snccesaively developed from the apices of 
the old ones, conic gradually nearer and nearer to the surface 
of the earth. 

Fio. 77. In the Colchienm (fig, 77), the new 

conn a"' is developed on one side of the old 
conn near its base, instead of from the apex, 
as in the Crocus. This also feeds upon its 
parent, and ultimately destroys it, and is in 
like manner destroyed the next year by its 
own progeny. When wc take up such a 
conn carefully, we can find the shrivelled 
conn of last year { fifj. 77, a), and a'\ that 
of the present season, which, if cut ver- 
tically, shows a"\ next year’s conn in a 
young condition. 

Another type of the conn is found in the 
^ r.' CyclaniPii. it is a Heshy expansion of the 

iet«. /. Lenf. n. of the seedling stem which thickens 

shrivelled n*inmUh . i . 

of iR**! yertr’^» conn, and G^iJarges year by year, but does not 

n", C’orm of tiu* lengthen, thus becoming a broad thick bod\ . 
(’ommencement of The thickening IS confined to the first inter- 
node. It bears annuLlly leaves and flowers 
from its apex, which may be found at the 
centre of the upper surface. The lower surface produces roots. 
This kind of comi is always naked, producing no leaves except 
those of its apical bud. 
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Like the tuber, tho bulb and eorm are modifications whose 
purpose is the propagation of the plant. 

Section III.— The Shoot {continued), 

»B. The Leaves. 

1. GENERAL DESCRIPTION OF THE PARTS OF THE LEAF. 

We have seen that the vegetative appendages which arise 
upon the stem are of two kinds, those which are lihe and those 
which are unlilr tlie axis itself. A leaf may be defined as an 
appendage borne upon an axis from which it differs in its 
structure and organisation. Like the stem itself it is capable 
of branching, and its branches show similar modes of origin to 
those of the branches of the axis. The ultimate shape of the 
leaf, indeed, may be traced to its behaviour in this respect. It 
differs from the stem in the degree to which its branching may 
be caiTied, seldom showing branches of more than the second 
or third order. 

The part' of the stem or branch from which a leaf arises is 
called a node, and the space between two nodes an internode. 
The portion of the leaf next the stem is termed the base, the 
opposite extremity the apex^ and the lines connecting the base 
and apex the margins. The leaf, being commonly of a flattened 
nature, has only two surfaces; but when succulent it has 
frequently more than two. The terms upper and lower are 
applied to the two surfaces of ordinary leaves, because in by far 
the greater number of plants such leaves are placed horizontally, 
so that one surface is turned upwards, and the other downwards. 
There are certain leaves, however, which ai’e placed vertically, 
as those of some species of Eucalyptus, in which case the 
margins are turned upwards and downwards instead of the sur- 
faces. The angle formed by the union of the upper surface 
of the leaf with the stem is called the axU, and everything 
which arises out ‘uf that point is said to te axillary to the 
jeaf ; if anythiitg" springs from the# stem above or below tho 
axil, it is extra-axillary ; or, as more generally described when 
above, supra -axillary ; w'hen below, infra -axillary. 

Duration and t'all of the Leaf.— Tho leaf varies as 
regards its duration, and receives different names accordingly. 
When it falls off soon after its appearance, it is said to be 
fugacious or caducous ; if it lasts throughout the season in 
which it is developed, it is deciduous or annual; if beyond 

E 2 
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a single season, or until new leaves are developed, so that the 
plant is never without leaves, it is perRutent^ rvergrenij or 
2^('renniaL 

Tlie parts of the leaf. -The axis of the leaf may be termed 
a p liyllo^odiuy n ; it is capable of very varied development, and 
its region oi active growth is seldom altogether apical as in the 
stem axis. It commences apically, but this apical growth is 
usually superseded by a basal growth, which continues after the 
former has ceased. This is especially well seen in the long 
narrow leaves of many Monocotyledons. 

In the phyllopodium three regions may be distinguished - 
the so-called leaf-haae^ orHiypopodium^ comprising that part 

Fig. 78 . Fig. 79 . 



Fig. 78. Amplexlosul base of 



of fl C}ra«»8. 


which is attached to the stem ; the lainma, ox epipodinm, which 
is the usually flattened terminal porticrT, whicITtorms what is 
often alluded to generally as the leaf proper ; and an inter- 
mediate poiiiion, the me8appdimiL Ja£.Me^idQle. • Either the epi- 
podium or the mesopodium may be absent. 

The leaf in one or all of these regions generally takes the 
form of a flattened expansion, owung trt the distribution of 
grow'th in the phyllopodium leading to the development of a 
thin wing along two of its sides in a lateral plane. This wing 
is usually, though not always, confined to the epipodium, which 
consequently is generally the flat part. The branches of the 
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epipodium, when present, are also winged, and the relative 
development of the main axis, its branches and tlieir wings, 
causes the various forms of the leaf-blade. 

In the simplest forms of leaf the phyllopodium does not branch 
nor show any division into the three regions spoken of. It is then 
a cylindrical structure fis in Fihdaria and Sedim, or a flattened 
one with no evident wings as in many Monocotyledons, or a 
winged one as in some of the Gymnospevnis. When it branches, 
the branches usually arise upon the epipodium, and are developed 
either acropetally or basipetally, according to the position of the 
growing part. 

In leaves which show a differentia- 


tion into the three regions spoken of, 

each region shows certain peculiarities. / 

The or Leaf-hasc.-' 

This is often very difficult to distin- 
guish from the stem. The tifisueii-uf 

nvft nnni.mnr>nQ^ ^ud UllleSS SOme „ 
outward peculiarity appears the two 1 11 

cannot be accurately delimited. Very. 
often, however, the point of union of 
the two is marked by a swelling of the jj 

hypopodium forming a sort of cushion ^ * W 

called a pUlvinus , and in some cases * 

it appears as a definite articulation. 

When the leaf- base is broad, this 
swelling extends for a considerable 
distance round the stem. Such leaves ^ 
can be detached very readily, and /•, of the comuion Bo?o 
leave a kind of scar which can be wli 

noticed on the stem after the leaf has pound leaf, /, with stalked 
fallen off (fiff. 97). This cushion may Sorndii^nt 
form a kind of sheath, almost em- 
bracing the stem, as in the common Pelargonium. It may bo 
somewhat membranous and completely encircle the stem, ns in 
Jbhe Fool’s Parsley {fig. 78). These •modes of arrangement are 
known as semi-amplexicaul and amplexicaal, respectively. 

Frequently the l^af-base bears a pair of lateral branches, 
which often become fl^inged like the epipodium, but may assume 
other forms. These are known as stipules . They have the 
same structure as the blades of leaves, "fhey are often over- 
looked from their small .size; sometimes, however, they arc very 
large, as in the Pansy {fig. 81), and in the common Pea {fig. 8‘2). 
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In the leaves of Lathyrus Aphaca (fig, 186) the axis of the 
phyllopodiuin does not become winged, but the stipules, 8, are 
here very large and pe^rform ah the functions discharged usually' 
by the leaf-blade. 

Stipules either remain attached as long as the lamina, 
when they are said to be persistent ; or Vhey fall oft* soon after 
its expansion, in which case they are deciduous. In tlie Beech, 

Fig. 81. Fig. 82. 




. 1(0, 81. Petlolate letif ol Pausy ( Viola tncvlor) with large caulinury Btipulen 

at its base. Up. 82. A iwriion of the flowering stem of the common 

Pea, with a pinnate leaf terminated by a tendril, and having two large 
stipnies at its base, the lower margins of which are dentate. 

the Fig, the Magnolia, they form the tegmenta or protective 
coverings of the buds, and fall off as these open. * 

A curious modification of the normal arrangement of the 
stipules is seen in plants belonging tl the Natural Order 
Polygonaceoe, The two atipules cohere by their outer and inner 
margins bo as to form a complete sheath which encircles the 
stem above the insertion of the leaf. They form what is known 
as an ochrea (fig. 85, d). The anterior margins are not united 
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in Astragalus (fig* 88). In Houttuynia (fig, 84) the posterior 
margins arc not united, so that the two stipules are coherent to 


¥i(i. 83. 



Fig. 84. 



Ffg. 83. A portion of tbe etem. >,aud leaf,/, of tbe Astrag€ilu<i Onyhnehu. 
Stipule?.' — Fig, 84. A portion of the stem. and leaf, /, of Ilnutfuvnio 
cordata. Axillary btipule. 

form a foliaccous body which appai’cntly stands in the axil of the 
leaf, 

The stipules are sometimes modified to form spines, much 
resembling the thorns of the stem, as in Bohiuia (fig, 87). 

Fio. 85. 



Fig. 85. Lent iind piece gf the utem of Folygoniim 1/ydropiper. 1. Lauiina 

or blade, p. Petiole. »</. Ochrea. /Yj/. 86. A portion of a branch, r, 

with two uppoBite leaves,^',/, of CffihcUanthus ocrufentalu. x. InteiTjetloIur 
Htipnle. 

In many species of Smilajc they take the fonu of tcmlnlfi 

(»/. 88 ). . 
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Stipules are very rare in Monocotyledons; among the 
Cryptogams they are present only in the Marattiaceae, a group 
of the Feme. When they are absent the leaf is said to be 
exstipulate. 

The Meeopodiuin or Petiole. — According to the p resence o r 
abs^^ee of this portion of the leaf-axis, leaves are said to be 
silked or sessile. When the petiole is present it is ad a nile 
more or less cylindrical, but frequently it is almost semicircular 
in section, the upper 8ui*face being flattened and sometimes 
grooved. It may be very short or considerably elongated. In 
the Grasses it surrounds the stem in the form of a sheath {Jig. 79), 

Fig. 87. Fig. 88. 



and where the blade and petiole join there is found a membra- 
nous appendage, lying parallel to the blade. To this the name of 
ligule has been given. It is either entire or incised in various 
ways. In the Aspen (Populus tr&inula), the petiole is flattened 
in a line at right angles, to the blade, and U thus one of the 
causes of the peculiar mobility of the leaves ; in other plants 
it is flattened in a horizontal direction. In aquatic plants the 
petiole is frequently more or less dilated Vrom the presence of a 
number of air cavities, as in Pontederia ; such petioles, b,\’ 
diminishing the specific gravity of the plants in which they are 
found, enable them to float readily in the water. In many plants 
the petiole is winged like the leaf-bla<le, though generally not to 
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the same extent. Instances are found in the Venus’s Flytrap 
{fig, 89) and the Orange {fig, 90). 

In some cases the epipodiimi is not developed, or falls off at 
a very early age. The petiole is then usually very strongly 
winged, and takes on the ordinary fimction of the blade. This 
is seen in some of the Leguminosai ; Lathy rus Nisaolia of the 
British flora is an instance. It is much more conspicuous in 
many of the Australian Acacias ; some of their leaves show the 
ordinary pinnate form, others are similar with the petiole 
winged, and others show the nmcrrl petiahi nnlvj the epipodium. 
having disappeared. Such a winged petiole is called a phyllode ; 
it can be distinguished from a leaf -blade by the fact that i!s 



Fig. 80. A portion of lUe stem Mitli fcouie leave* ol VeuuftV Fly-trap {^Dtnncra 

ntascipuld). 1. Ltiuiiua. p. Winjjel petiole. Ftg. OU. Leaf of Orange 

{Citrus Aurantium). p. Winged petiole articulated to the lamina, J. 


flattened surfaces arc placed laterally to the stem. A phyllode 
must not be confused with the vaiiety of stem previously de- 
scribed as a phylloclade. 

In some cases the petiole and leaf-base are winged in a 
plane at right angles to that of the blade, and the stem also has 
a wing extending for some distance below each node. These 
Vings meet at the node and present the appearance of the wing 
of the leaf extending down the stem. Such a leaf is said to be 
decurrent. An exa|ople is seen in some Thistles {figs, 93 
and 94). 

The Epijtodium or Leafiblade . — As already indicated, tliis 
part of the leaf shows a very great variety of form, ranging from 
a cylindrical outgi’owth to a very much dissected and flattened 
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one. It usually consists of an axis which shows more or less 
evidence of blanching, the axis itself and its several branches 
either becoming winged, or remaining more or less cylindrical. 
Indeed, the cpipodiuni of the leaf is a branch system ratJier than 
a simple outgrowiih. 

The main axis, though often winged, is not always so. It 
may be cylindrical in form with the branches or pimite arranged 
along it. The branches of the tirst order also frequently 
remain cylindrical, and their secondary branches arc the only 
flattened portious. Sometimes, as in the leaf of the Femiel, al! 
the branches arc cylindrical, and there is no flattened exi)an8ion. 


Fig. ‘Jl. 



Fig. 02. 



h'tg, Ui r.irlpumute Iwif. 


the leaf appearing almost lilamentoiis. Similar fllainentous 
leaves are found in some of the Water Crowfoots. 

The branchmg of the epipodium proceeds on the same lines 
as that of the stem ; it is dichotomous in some of the Hymeno- 
phyllacetc, a fomily of Ferns ; it is monopodial in many Dicoty- 
ledons, where its branches arc produced either acropetally or 
basipetally, according to Jhe position of the* region of active 
gi'owth ; it is cymose in many other Dicotyledons. It is usual 
to describe the types of leaves derived from the racemose and 
cymose modes of branching Q,ii pinnate or^almate respectively, 
both showing considerable variety of form. 

When the axis of the epipodium remains cylindrical, and 
its branches of the first order become separately winged, the 
appearance is presented of a number of small winged expan- 
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Bions, eMh attached to the axis and each apparently indepen- 
dent. Such a leaf is called eompound. According to the nature 
of the branching we get the pimate or the palmate leaf, the 

ri(i. !m. Kio. 94. 



93. Dccurreut leut-l>abe of u Bpecie> of Thi&tle. a, Winpf of ?tem. 
Fig. 94. Deciirreut Icsive? of the Oouifrey. 


separate branches being called Ivajieh. AVhen tlie apex of the 
epipodium of the pinnate leaf is winged like the branches, the 
leaf is said to be inqninpinnate 91) ; when there is no tcr- 


Fio. 95. Fig. 9b. 



Fig. 96. Digitate leut of a Lupin (l*alumbe tyiK.*).— /’ij;. 9t5 Digitate 
leaf of hUvHtUht. 


ininal winged expansion, it is pa ripin vate (fig, 92). Various 
forms of leaves of both types will bect?scribed later. 

When the axis is winged as well as its branches, the wings 
of both are usually more or less united, giving rise to the 



60 


MANUAL OF BOTANY 


appearance of a single mucb-divided lamina. Such leaves, 
however much divided, are classed as simple leaves. In many 
cases much-branched epipodia the main axis and the 
secondary axes are not winged, while the tertiary axes and 
the ultimate branches are both winged, and show a fusion of 
the wings, as in fig» 97. Such a leaf shows a combination of 
the simple and compound forms; it is common among the 
Umbellifera?. 

The fusion of the wings of the axis and its branches shows 
almost every stage of completeness from the so-called compound 
leaf to the simplest flattened expansions. Indeed, in many of 
the latter the only indication of branching that can be noticed is 


Fig. 97. 



1 ?!/. 07. Tripiuuatc leaf. 


found in the disposition of the vascular bundles which enter 
each branch, giving rise to a pinnate or palmate venation, as 
will be described later. 

When the fusion of the wings is not complete, the several branches 
are known as lobes. It is usual to give different names to the 
apparent divisions of the leaf based on the degree of the fusion; 
if they reach to about midway between the margins and midrib 
(fig, 113), or petiole (fig. 102), they are properly called lobea^ and the 
intervals between them fissures ; in competition the terms -fid or 
-cleft are used ; if the divisions reach nearer to the base, or midrib 
( fig. 09), they are termed partiticnis^ and the leaf is -partite ; if almost 
down to the base, or midrib, they are called segweiits (fig. 100), 
and the leaf is dissected^ or in composition •sected. 
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When the axis ol the epipodium bears monopodially branches 
of the first order, which give rise in tnm to the pinnae, and all 
are winged, the wings showing similar degrees of fusion to those 


Fig. 98. 



Ftg. 101. 


Fig. 99. Fi^. 100. 




Fig. 102. 




h'ht. »8. C’rispod or curled lenf of a species of 

Mallow (Mnlva.') Fiq. 99. PInnatipai-titc 

leaf of ti species of Valerian {Valeriana 

dioica). Fig. 100. Plnnatisected leaf of a 

species of Poppy {Papaver ArnemoneX 

Fig. 101. A decomponnd loaf. Fig. 102. 

Palmate leal#of a species of Passion-flower 
( PasHftoraX 


described above, we have forms which are described as hipin- 
uatifldj hipvnnatipartitej or hipinnatinected respectively. Fur- 
ther degrees of branching and fusion are indicated by the terms 
iripinriatifid^ &c. W ^h^n t he branching is very complete^ 
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Uhe ultimate wings but little developed, the leaf is called derotn - 
When the branching is not monopodial but cymose, we . 
have palmate^ palmatifid, or palmatisected leaves, tlie degree of 
fusion between the wings of the branches being thereby indi- 
cated. In such leaves the primary axis of the phyllopodium 
does not enter into the composition of the lamina. Cymose 
branch systems sometimes show branches of the third order, as 
in the pedate or pedaiiparfite leaf (Jiff. 104). 

( It is not unusual to find both types of branching represented 
' in the same leaf. Frequently in the palmate varieties we find 
that, while the main branches arise oymosely, each forms a 
monopodium. The nature of the branching may generally be 
ascertained by an inspection of the arrangement of the veins or 


Fin. 103. 


Fin. 104. 



vascular bundles, as shown in Jiff. lOB, the palmatifid leaf of the 
Castor-oil plant. Here the phyllopodium gives rise cymosely to 
seven branches, each of which develops monopodially. 

Generally the branches of the epipodium all lie in one plane^ 
so that the leaf i.«i flattened with its face towards the stem. In a 
particular variety of the palmate form laiown as the peltate leaf 
(Jiff. 105) this ride is depai*ted from, the petiole being apparently 
attached to the centre o^ the leaf-blade, the*plane of which is 
thus almost at a right angle to the direction of the stalk. Tliis 
is due to the fact that the younger branches grow out in front 
of the petiole, instead of in the usual literal plane, and their 
T\ings being coherent with each other, the petiole becomes 
apparently attached to the middle of the lamma. 

When the epipodium remains cylindrical, and bears only 
branches of the first order which are winged, constituting a 
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number of leaflets, these may show at their bases certain out- 
^owths resembling the stipules of the primary leaf-base. These 
ai'e known as ; they are present in certain Leguminosa*, 

as Phnseolus, 

A\ hen the mesopodinm or petiole is absent, the hypopodium 
or leaf-base may be winged, and its wings continuous with those 
of the lamina. The stem thus seems to be surrounded by the 
expanded base of the latter. If two leaves arise on the stem at 
the same node, their wings sometimes coalesce. We have thus 
formed the varieties knouTi as aiirintlafe, perfoliate, or connate 
leaves 106 and 107). ^ 

The flattened portion of the epipodium is always found to be 
strengthened and supported by certain strands of woody tissue 
which traverse it in various directions. In thin leaves these are 


Fto. 105. Flo. 106. Firt. 107. 



/'»</. 106. Peltate leaf of Tropaolum —Hq. IOC. Perfoliate leaf of a specie^ 

of Hare’s-ear {Bupleurnm rotunda nh urn), Fin 107. Connate leaves ot 

n specie*! of Honey^^uekle (Innirera Onpnfolinm). 


visible as projifctions on the under surface, but in thick or .suc- 
culent ones they are embedded in the substance of the blade. 
These strands are known as the vciiih, and their arrangement 
constitutes the cetiation of the leaf. The latter depends broadly 
on the mode of branching which cliaracterises the epipodium. 

There are two marked modifications of venation. In the first 
tnofhficatvm the fiJ)ro-vascular tissue, as it enters the lamina either 
m a single main vein or several similar ones, breaks np into a net- 
work of branches {fitgs. 108 and 110). In the second modification, 
a midrib runs from thj base to the apex of the lamina, giving off 
from its sides other veins, which go out to the margins, running 
parallel to each other, and aie simply connected by unbranched 
veinlets {figs. Ill, 6, and 118) ; or it divides at once into several 
veins or ribs, which proceed from the base to the apex {fig. 116) or 
margins (fig. 117) of the blade, more or less parallel to one another, 
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and are in like manner connected only by simple parallel uiibranched 
veinlete (Jig. Ill, a). The leaves which exhibit the first modifica- 
tion of venation are called reticulated or netted-veined leaves, and 


Fig. 108. 



Fig, 110. 



Fig. 109. Fig. 111. 



Fig. 108. Leaf of the Chcrrj’ with laiiiiua, petiole, and -^tipiilej*. The lamina 
has aerrate margins, anti a large central vein or midnb la seen to proceed 
from the petiole to tin* apex of the leaf, ami to gi^e off from it*? sides the 

other vein? (pinnatelp reint^X /-'<<?. 109. RIbbetl lea^of (’Innamon with 

entire margins. Fig. IKt Leaf of the Melon witli dentate margins. 

The venation is said to be radiated or palmately veineti. Fig, 111, n 

Parallel venation of a grass ; this variety of venation commonly calletl 
stralght-relBed. 6. A variety of parallel veription sometimes termed 
ciirveivelned, as seen in the Banana. 


occur universally in Dicotyledons ; and those which present the 
second modification are termed pa/rallel^vehied leaves, and are 
characteristic, with some few exceptions, of Monocotyledons. 
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(1) Varieties of Reticulated or Netted Veiuitwn. 

There are two principal varieties of this kind of venation, namely 
the feather -veined ov pinnately veined, and the radiated or palmately 
veitud. 

A. Feather -veined oi' Pinnately veined. -In this variety the 
main vein either gives off lateral ones which proceed at once to the 
margins (figs. 112 and 113), and are connected by numerous 
branching veinlets, as in the leaves of the Beech, Spanish Chestnut, 
Holly, Oak ; or it gives off branches from its sides, which proceed at 
first towards the margins, and then curve towards the apex, termi- 


Fm. 112. Fio. 113. Fio. 114. Fkk 115. 



Fig. 112. Ft‘Htl»‘r-veiiu><l loaf of the Spanish (Miostnnt. Fhj. 113, Feather- 

veiiu'd leaf of the Oak. Its lobes* are arran)re<l in a pinnatitld manner. 

Fig. 114. I,«at*of the Dead-nettle. The venat'on the truo-netted, and it<« 

margin^ are serrate. Fig, 115, a. Linear leaf. h. Triple-ribbe*] leaf of 

the common Snuflower. 

iiating finally within the margins, with which they are connected by 
small veins, as in the Dead-nettle ( fig. 114) and Lilac. 

B. Radiated or Palmately veined.— This name is applied to a 
leaf which possesses two or more strong veins that arise at or 
n^av the base of tho lamina, and diverge^rom one another towards 
its margins, being connected by branching veins, as in the Melon 
(fig. 110) and Castor-oiL plant (fig. 103). The ribbed venatimi, as 
seen in the Cinnamon (fig. 109), is but a modification of this variety, 
in which the ribs, instead of diverging from one another, run in a 
curved manner from a point at or near the base of the blade to the 
apex, towards which they converge, such ribs being connected 
together by branching veins. 

VOL. I. 


F 



on 


MANUAL OF BOTANY 


The varieties of venation correspond to tlie modes of branching 
of the phyliopodium already described, the fusion of the wings of 
the branches being almost or quite complete. 

(2) Varieties of Parallel Venation. 

There are certain characteristic variations of parallel venation. 
The main veins may either proceed in a somewhat parallel direc- 
tion from the base to the apex of the lamina, to which point they 
converge more or less (Jig. 116), or they may diverge from one an- 
other towards the circumference of the blade ( fig. 117). The leaves 


Fig. 117. Fig. 118. 



Fig. 116. Leaf nbowiug tlie vark*t.v of parallel venation iisiiiilly ciille«l 

Btralglit-velned ; the margin* are entire. Ftg. 117. Straight- veined 

variety of parallel venation, as seen in the leaf of the Fan Palm (Chamcp- 

ropi). Fig. 118. Onrve-veined variety of parallel venation, as seen in 

the Banana. Fig. 119.,» Forked venation of a Fwii leaf; the margins 

are crenate. 

of Grasses, Lilies, and the common Flag piay be taken as examples 
of the first variety; and those of many Palms (fig. 117) of the 
second. 

Or the leaves may have a prominent midrib, as in the feather- 
veined variety of reticulated venation, giving off from its sides along 
its whole length other veins, which proceed parallel to each other in 
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a straight or curved direction towards, and lose themselves in, tlie 
mai'gins (Jigs, 118 and 111,6); and are connected, as in the last 
variety, by nnbranched veinlets. The Banana, the Plantain, and 
allied plants furnish us with examples of this variety. This latter 
variety is sometimes distinguished as the curve-veined^ the former 
being commonly known as the straifiht-veined or i^arallel -veined. 

The Shapes of Leaves, 

We have seen that the freedom or coalescence of the wings 
of the epipodium and those of its branches leads to the recogni- 
tion of two apparently different types of leaf, the simple and 
the compound. It will be convenient to discuss the peculiarities 
of these two kinds separatel 3 \ 

Simple Leaves, 

The modifications which simple leaves present as regards their 
margins, shapes, and other variations of their blades are extremely 
numerous. They are important chiefly as enabling accurate de- 
scriptions to be given of the plant to which they belong, so that its 
identity may be established and certain of its affinities indicated. 
In other respects their impoi-tance is altogether subordinate. They 
are usually considered under five heads, as follows : 1. Margins ; 
‘2. Incision ; .3. Apex ; 4. General Outline ; 5. Form. 

1. Margins.—Vie have already remarked that the condition of 
the margins is dependent upon the extent to which the wings of 
the epipodium and its branches are united. If the fusion of the 
wings of the several axes is complete and extends to their apices, 
so that the margins are perfectly even, or free from every kind of 
irregularity, the ,leaf is entire (figs. 92 and 116). But when the 

Fio. 120. 

n h 

Fiq. 120. Dlagrahi of the marxina of leaves. 
a, Blpvpimte, ft. BiserraW, r. DuollcatOMlentate. 

• ^ 

fusion is not quite complete, and the margins are uneven, we have 
several modifications, which are distinguished by characteristic tenns. 
If the margins present sharp indentations like the teeth of a saw, 
and all point to the apex, the leaf is serrate (figs, 114 and 142), 
as in the common Dead-nettle ; if similar teeth point towards the 
base, the leaf is described as retroserrafe ; if these teeth are them- 
selves serrate, it is biseirate (figs, 120, 6, and 181), as in the Elm 
and Nettle-leaved Bell-flower ; when the margins are minutely serrate, 
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they are termed serrulate, as in Bargsma serratifolia. When the 
teeth are sharp, and project almost or quite at right angles to the 
margin, the leaf is dentate or toothed (figs. 110 and 137), as in the 
Melon, and the lower leaves of the Corn Bluebottle ; when the teeth 
are themselves divided in a similar manner, it is duphcato-dentatc 
(fig. 120, c). When the teeth are rounded (figs. 119 and 143) the 
leaf is crenaie, as in the Horseradish and Ground Ivy ; if these 
teeth are themselves crenate it is hicrenate (fig. 120, a) ; when the 
leaf is minutely crenate it is said to be crenulated. When the 
margins present alternately deep concavities and convexities it is 
sinuated, as in some Oaks (fig. 121). This kind of leaf may be 
regarded as an intermediate condition between a toothed leaf and 
one that is pinnatifid (fig. 113). When the margins are slightly 
sinuous or wavy, as in the Holly (fig. 122), they are said to be wavg 


Fio. 121. 


Fio. 122. 



Fifj. 121. Sinimtei leaf of the Uak. Fi <7 122. Spiny leaf of the Holly ( Hrr 

Aifinfolnini). with wavy mnr^?in«. 


or 'undulated ; the teeth of the leaves of the Holly are very hard and 
end in sharp points, forming spines. When the margins are very 
irregular*, being twisted and curled, as in the Garden Endive, Curled 
Dock, and Curled Mint, they are called a isped or curled (fig. 98). 

2. Jnctsiojt.—This term is employed when the margins of the 
blades are more deeply divided than in the above instances. The 
divisions are then commonly called lobes. 

When a pinnately veined leaf is deeply divided, and the divisions 
are very close and naiTow like the teethVof a comb (fig. 126), it is 
said to be pectinate, as in the W^ater Milfoil ; when the terminal 
lobe of a pinnately veined leaf is large and rounded, and the lateral 
lobes, which are also more or less rounded, become gradually smaller 
towards the base, it is I'yi'ate, or hfre-shaped, as in the common 
Turnip (fig. 126); when the terminal lobe is triangular, and the 
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other lobes which are also ^ore or less of the same shape have their 
points directed downwards towards the base of the lamina, as in the 
Dandelion (p.g. 127), the leaf is said to be runcbiate ; when a lyrate 
leaf has but one deep recess on each side, so that it resembles a 
violin in shape, it is termed jmmluriform or jiddle-slui])ed, as in the 
Fiddle Dock (fig. 128). 

Modifications of palniately veined leaves are also frequent. When 
the blade of such a leaf is composed of five or more branches whose 
wings are united about halfway from the base to the tip, so that the 
whole has a resemblance to the palm of the hand with spreading 
lingers, the leaf is termed pahmte, as in some species of Passion- 
flower (jig. 123). When the union is less complete, as in the Castor- 
oil plant, the leaf is described as [Hilmatifid (fig. 124). There is 
little difference between those two forms, and it is better to apply 


Fig. 123. 


Fio. 124. 




/»</. 123. pHiuiaU' leaf at of ruhckm-tiowei {rnK'.iftora). 

Fig. 121. raluiatifld leaf tlie ('astor-tul plant | /{uanfs amtmtfuis). 


the term ‘ palmate ’ to compound leaves. These forms lead on to 
the compound leaf already described as digitate. Other intermediate 
forms occur. The jmiate leaf (Jig. 104) is a variety of the palmate ; 
the branching here is cymose ; the apex of the epipodium forms the 
largest lobe ; from under it a branch proceeds on each side ; from 
under each of these a single branch is given off on the lateral flank, 
which itself bears •another arising simWarly, The wings of the 
epipodium and its branches are all united at their bases, but the 
union extends further towards the apices of the youngest lateral 
ones. The name is derived from a fanciful resemblance to the claw 
of a bird. 

Besides these modifications of palmately veined leaves, variations 
also occur, in consequence of the lobes or primary branches of the 
lamina becoming themselves branched either in a pinnate or palmate 
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manner. Descriptive terms are applied to these forms, which will be 
readily understood. 

3. Various forms of this are described as follows. The 

apex is ohtu&c or blunt when it is rounded (figs. 138 and 140), 
as in the Primrose ; it is retuse when it is obtuse with a broad 
shallow notch in the middle, as in the Red Whortleberry ( 

Vitis-idtm) and the leaflets of Logwood ; when under the same 
circumstances the notch is sharp, or nearly triangular, it is cimrgi- 
'nutCj as in some species of Cassia {fig. 129), and in the common 
Box (Buxus seinpervirens). When the lamina terminates very 

Fig. 126. Fio. 126. Fio. 127. 



I'lU. I*i5. Pectinate or eouib-sbuped leaf. F%(j. ISti. Lyrate leaf of tLe 

couimon Turnip {^bramat Rapa). Hu. 127. llimc'inutc leaf of tlie 

Dandelion {Taraxacum oj^viuafe). 128. Fiddle-blmiied leaf of 

liumfx 2>ulchcr. 

abruptly, as if it hud been cut across in a straight line, tlie apex is 
truncate, as in the lip of the Tulip-tree (fig. 130) ; if under the same 
circumstances the termination is ragged and irregular, as if it had 
been bitten off, it is jyrcefucn'se, as in the leaf of Caryota ureps. 
When the apex is sharp, so that the two margins form an acute 
angle with each other (figs. 132 and 189), it is acute or sharp-jHAnted ; 
when the point is very long, and tapering 187), it is acuminate 
or taper ’})oinied, as in the leaf of the Wliite WUlow and common 
Reed ; when it tapers gradually into a rigid point, it is cH.y>idate. ns 
in many Ftuhi, WUien the apex, which is then commonly rounded, 
has a short bard or softened point standing on it, it is inucronutc 
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(riij- I'JtJK ns in the leaf ol Htatice mucronnta and Lathyrus 

irratensis. 

4, General Oiitli'nc or - By the general outline or shape 

of the lamina we mean the superficial aspect or the figure whieh is 
described by its margins. The development of the wings is usually 
nearly equal on the two sides of the midrib or petiole, so that the 
lamina of the leaf is in most instances nearly symmetrical and of 
some regular figure ; in which case the leaf is said to be equal (Jigs. 
187-140). When, as occasionally happens, the wing is more 
developed on one side than on the other, the leaf is termed unequal 
or oblique (tigs. 129 and 131) ; this is remarkably the case in the 
species of Begonia ( fig. 132). Generally speaking, entire leaves with 
parallel or pinnate venation are longer than broad ; while those 

Fig. 129. Fig. 130. 



/If/. 129. Leatlet of a speciesj of Cuhhoi. It is ol)ovate lu figure or outline, 

homewbut oblifiuu at the base, and euiarginate at its apex. Hg. 130. 

Hrauch of the Tulip-tree with flower and leaveb. 

The latter terminate abruptly, hence they are ^aid to be fruncafe. 

which are palmately veined are more or less rounded, or broader 
than long. 

When the lamina of a leaf is nearly of the same breadth at the 
base as it is near the apex, nanw, and with the two margins 
parallel (Jigs. 115, a, and 133), the leaf is called Ihiear^ as in the 
Marsh Gentian (Gentiana Pneimtonanthe) and most Grasses ; when 
a linear leaf terminates in a sharp rigid point like a needle, as in the 
common Juniper (Jig. 135), and many of our Firs and Larches, it is 
aqfirose or needle- sJiaped. When the bltfde of a leaf is very narrow 
and tapers from the base to a very fine point, so that it resembles an 
awl in shape, as in the pommon Furze (Vlex euroqkeus)^ the leaf is 
subulate or awl-shaped. ’ When the blade of a leaf is broadest at the 
centre, three or more times as long as broad, and tapers perceptibly 
from the centre to both base and apex, as in the White Willow 
(Salix alba)f the leaf is lanceolate (Jig. 134.) ; when it is a little 
longer than broad, of about the same breadth at equal distances from 
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its base and apex, which are slightly acute, it is oval or ellipticah 
as in the Lily-of-the-Valley {Convallaria majalis) (fig. 142) ; if 
under the same circumstances it is obtuse or rounded at each end, 
it is ohloiig (fig. 138). If such a leaf is more or less rounded at the 
base and its lower half is broadest, so that the whole is of the shape 
of an egg cut lengthwise, the leaf is ovate or egg-shaped, as in the Lilac 


Fig. 131. Fio. 132. Fig. 133. Fig. 134. 



Fig. 137. Fig. 138. Fio. 139. Fig. 140. 


Fttj. 131. Leaf of Elm, with it.s uiargiiib bl^errate. and the* hiiiiiiiu iineiiual 

Ht its base. Fig. 132. Uiieciual or oblique leaf of a specie^ of Itegonia. 

—Fig. 133. Linear leaf of Goose-gras-* (Galium Apartnt>).-~—J'ig. 134. 

Lanceolate leaf. Fig. 136. Acerewe or needle-sLapwl leaveb of Juniper 

(Jmiperm coynmunii). /iV/.136. A enneate anil mucronate-jiolnted leaf. 

Fig. 137. Cordate and acuminate k»f, with its margins dentate. 

Fig. 138. Oblong leaf of Hladder-senim (Colulm arl^rrscem ). — tig. 130. 
Ovate leaf, with its margins serrate. — tig. 14(>. Obovate leaf. 

(fig. 139) ; if of the same figure, but witij the broad part towards 
the apex, it is obovate or inversely egg-shaped (fig. 140). When the 
lamina is broad at the apex, and abrupt-pointed, and tapers towards 
the base, as in some Saxifrages, the leaf is cuneate or wedge-sJi^iHid 
(fig. 136); if the apex is broad and rounded, and thence it tapers 
to the base, it is spathulaie, a.s in the Daisy {fig. 141). When the 
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lamina is broad and hollowed out at its base into two rounded lobes, 
and more or less pointed at the apex, the loaf is cordate or heart- 
shaped, as in the Blaek Bryony (Tamus communis) ( tig. 137) ; if of 
the same shape, but with the aiK*x broader than the base, and 
hollowed out into two rounded lobes, it is ohcordaie or inverseln 
heart-shajHid (fig. 144). When a leaf resembles a cordate one 
generally in shape, but has the apex rounded, and the whole blade 
usually shorter and broader, it iaremform or kidney -shaped, as in the 
Asarabacea (Asarum europteum) ( fig. 143) ; when a leaf is reniform, 
but with the lobes at the base of the lamina pointed, so that it 
resembles the form of a crescent, it is hmate or crescent-shaped, 
as in Passiflora lunaia (Jig. 145). When the blade is broad and 


Fig. 141. 



Fig. 142. 


Fig. 143. 




/"'o/. 141. .'^pathulute leaf. Fty. 142. Oval 

or elliptical leaf of Pear-tree {Pjina com- 

/ff/oio), ^\ith K‘rruk* umrgiiig. Ftjf. 143. 

Heiiiform leaf of Oioiind Ivy (AVjHa Gle- 

choina), with creuutc maririiis. Fvj. 144. 

'J’rifidiatc leal witli obcortate leaHctt'. 


hollowed out at its base into two acute lobes, while it is pointed at 
the apex, so that it resembles the head of an arrow, the leaf is sagit- 
tate or arrow-shagied, as in the Arrowhead (Sagittaria sagittifoha) 
(tig. 146) ; when the lobes of such a leaf are at right angles to its 
axis, instead of passing downwards, it is hastate or halbert-sfuijfcd, 
as in Sheep’s Sorrel {liume.v Acetosella) (Jig. 147) pwhen the lobes 
•are entirely separated from the rest the blade, as in the upper 
leaves of the Woody Nightshade [Solanum Dulcamara), \i is avricu- 
late or hastate-auricle^ (Jig. 148). 

It frequently happens that a leaf does not distinctly present any 
of the above-described figures, but exhibits a combination of two of 
them, in which case we use such tenns as ovate-lanceolate^ linear- 
lanceolate, Ciwdate - (wate, cordate - lanceolatCy elliptico - lanceolate, 
roundish-ovate, Ac., the application of which is at once evident. 
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In many cases we find leaves of different figures on the same 
plant, which is then said to be Jieterophylloiis. In the Hairbell 
(Campanula rotundifolia)^ the radical leaves are cm'datc or reni- 


Fio. 145. Fio. 148. 



ftf/. 146. Luimte or credceiit-ilfiaped leaf. fitj. 146. isaglttHte leaf. 

Fig. 147. Hastate le*if. Fig. 148. A portiou of the stein of tbe Woody 

Nightshade (Solatium Duleatnara). bearing flowering stalk aud an atiricii- 
late leaf. — Fig. 140. A gui)-rotand or rounded le^f, with entire margins. 


fonn, and the cauline leaves Imear ; and this difference of outline 
between the radical and stem leaves is by no means uncommon. In 
aquatic plants, again, where some of the loaves are submerged, while 
others float on the water, or rise above it into the air, as in the 
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Water Crowfoot (Ranumuhis aquatilis) and Arrowhead (Sagitfana 
6agittifolia)y the leaves thus differently situated frequently vary in 
shape. 

5. Form, —By this term we understand the solid configuration of 
the lamina. The terms used in defining the vanous fonns are 
therefore especially applicable to thick or succulent leaves. Such 
leaves either assume some regular geonietrical forms, as cijluidrical, 
pyramUhtl, conical, pris^iatic, &c., and receive corresponding names ; 
or they approach in form to some well-known object, and are hence 
termed aewular, cnsifm'vi, &c. Various other singular forms are 
also found, some of which will be subsequently alluded to. 

Besides the above-described modifications which the blades of 
leaves present in reference to their Margins, Incision, A2)ex, Outline, 
and Form, they also present numerous other variations as regards 
their surface, texture, colour, &c. 

Compound Leaves. 

We have already defined a compound leaf. Its separate leaflets 
are subject to the same modifications of their margins, incision, 
apex, outline, form, texture, surface, colour, &c., as the blade of 
simple leaves, and the same terms are accordingly used in describing 
them. We have therefore only now to speak of the compound leaf 
as a whole, and the terms which are employed in describing its 
special modifications. We divide compound leaves into two types : 
the Pinnate and the Palmate or Digitate. 

1. Pinnate ComjK)und Jjcaves. When a leaf of this type presents 
the appearance of several distinct portions or leaflets, it is termed 
pinnate (jigs. 1)H, i)4, 150) ; and the leaflets are then termed pinnee. 
The leaflets are arranged in pairs in an opposite manner along the 
bides of the rachis or primary axis, and according to their number 
the leaf is said to be one-, two-, three-, oi many-paired. Several 
kinds of pinnate leaves have also been distinguished by special 
names. When the main axis of a pinnate leaf is only winged 
at the extreme apex, thus appearing to bear a terminal leaflet 
(jig. Wd), as in the Rose and Elder, it is imiHinjnnnatc or unequally 
pinnate, or pinnate with an odd leaflet; it is equally or abruptly 
pinnate, or paripinnate, when the main axis of the epipodium is 
not winged at all,*but bears a number secondary axes which are 
winged (flg. 94), as in some species of Cassia, the Mastich plant 
(Pistacia Lentiscus), Logwood (Hcematoxylon campechianum), and 
Orobus tuberosus ; and' it is interruptedly pinnate (fig. 150) when 
the leaflets or secondary winged axes are of different sizes, so that 
small pinnae are regularly or irregularly intennixed with larger ones, 
as in the Potato (Solanuin tuberosum) and Silver Weed (Potentilla 
anserina). When the wing of the main axis is the largest and those 
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of the secondary axes are gradually smaller as they are nearer the 
base, it is lyraklij pmnutey as in the common Turnip (jUj, 151). This 
leaf and the true lyrate form often run into each other, so that it is 
by no means uncommon to find both varieties of leaf on the same 
plant, as in the common Turnip and Yellow Rocket. 

When the leaflets of a pinnate leaf become themselves pinnate, 
or, in other words, when the partial axes which are arranged on the 
common one exhibit the characters of an ordinary pinnate leaf, it is 
said to be bijdmwte (Jig. 162) ; the leaflets borne by the partial or 
secondary axes are then commonly termed pinnules. When the 
pinnules of a bipinnate leaf become themselves pinnate, it is tri- 


Fio. 150. 



Fig. 152. 



Fig. 160. Intcrrnptoily pinnatv leaf of tlio Potato. /t//. 161. Lyratcly 

pinimtc luaf. Fig. 162. Bipiunute leal of a species of UledHsehvi. 

pinnate, as in the Meadow Rue (Thalicirum mimis) and the common 
Tarsley {^fig. 07) ; it commonly happens, however, that in these 
leaves the upper leaflets are less deeply divided, as in Jig. 07. If 
the division extends beyond this, the leaf is decompound, as in many 
Umbelliferous plants (Jig. 11*1). * . 

2. Palmate Conipcnind Leaves.— Hnch a leaf is formed when the 
epipodium divides into several equal or nearly equal branches, each 
of which is separately winged ; and hence these leaves are readily 
distinguished from those of the pinnate kind by their leaflets coming 
off from the same point, instead of, as in them, along the sides of 
a common primary axis. We distinguish several kinds of such 
leaves; a leaf is said to be Ornate, bifoliate, or unijugaie, if it 



Fiii. Uj3. a binatt' or bifoliate lonf. FUj. 154. Tenmto or trifoliate leaf. 

Fig. 155. Qiimlrlfolinte leaf of ifursiltif qtauhi/olia. -Fur. 160. Ruinate 

or qniiKiiiefoliate le^. Fig. 157, Sopteimte leaf of tin* Hoi-se-clie^tnut 

(.Fxcuhfs IHjipoaufnnum).- A/f/. 158. Miiltifoliate leaf of a Lupin. 

Ftg. lf>». A biteniate leaf. 


folium, which receives its name from this circumstance (y/f/.s, 144 and 
154) ; it is quadrinafe or qnadrifoUate if there are four leaflets 
{fig. 156) ; it is qumaie or qninqtie foliate if there are five (Jig. 15(5), 
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as in PoientiUa argcnicn Jind P, aU/a ; it is scpicimte or septemfolmtc 
if there are seven, as in the Horse-chestnut and some Potcntillas 
{fig. 157) ; and it is multifoliate if there are more than seven, 

Fiu. 150. 



I 

FUt> ICO. Tritemate leaf of Baiieberry ). 

as in many species of Lupin {fig. 15R). The term digitate is 
generally used when the segments of such a leaf are long and 
nan’ow. 

2. INSERTION AND ABRANOEMENT OF LEAVES. 

(1) Insertion. — The point at which a leaf is attached to the 
stem or branch is called i(s imcrtion. Leaves are inserted on 
various parts of the stem and branches, and receive different 
names accordingly. The first leaves which are developed are 
called cotyledons (fig. 16, r, r). The cotyledons are usually very 
different in their appearance from the ordinary leaAes which 
succeed them. Leaves are called radical when they arise 
at, or below, the surface of the ground, and thus spring apparently 
from the root, but really from a shortened stem, or crown of the 
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root, as it is coiunioiil}' called. Leaves are thus situated in what 
are termed acaulesccnt plants, such as the Dandelion and Prim- 
rose. The leaves which arise from the main stem are called 
caulinr; those from the branches rnmal. 

(2) Arran(^kmrnt of Lkavks on the Stem, or Phyllotaxis. 
Tlie term pln/llota.ris is used in a general sense to indicate 
the ^ario^s modes in wliich leaves are arranged on the stem or 
branches. The object* of the arrangement in every ease is to 
secure as far as possible that the laminae of all shall be equally 
illuminated and that they do not shade each other. The 
successful discharge of their functions will be found to depend 
upon securing this. There a re two nia j n t ype^ of arrangement, in 
one of which a single leaf only is produced at a node, in the other 

Fig. 101. Fm. 102. 



Fi(l. 161, Wltorled leaver ol a «peoiesof Galium, — -FUj. 162. Decussate 
leave-< of FimeJea dreunMtUt, 


two or more occur. In the former case the leaves are scattered 
or aUernate; in the latter, they are said to be 101). 

The leaves constituting a whorl are usually placed symmetric- 
ally round the stem, at equal distances laterally from each 
other. When there are only two leaves in each whorl, they are' 
said to be opjjosite. When leaves are opposite, those of each' 
pair are usually placed under the interval or space between the 
leaves of the pair above it. Those of the third pair are then 
vertically under those of the first. They are said to decussate 
16‘i), and the ai^angement is called decussation. When 
whorls consisting of large numbers of leaves succeed each other, 
it also frequently happens that a similar arrangement occurs, 
so that the leaves of one whorl stand above the intervals of the 
whorl below' it. 
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It sometime happens that, by the non -development of the 
intemodes of on axillary branch, all the leaves of that branch 
are brought close together, in wliieh case they form a fuff or 
fascicle [fig. 10b), and the leaves are said to be tufted or 
fascicled^ Such an arran*(enient is well seen in the Barberry 
and Larch. That the fascicle is thus produced is rendered 
evident by the fact that in the young branches of the Larch the 
intemodes afterwards become elongated and the leaves are then 
separated from each other. 

1. Alternate Leaves . — Though this arrangement is often 
termed scattered, it does not follow that there is necessarily any 
irregularity in the position of the leaves. Indeed, it would be 
better to term the arrangement spiral, as each leaf can be ascer- 


Fig. 103. 


Fig. ]04. 



/’ig. 163. Faflclcle<l or tufted of the 

Inarch. Fig. 164. A portion of a branch 

of the Oberry-tree with als leaver, the sixtli 
of which la placed vertically over the first. 
The right-hand figure Ir the same branch 
magnified, the leaves having been removed, 
and numbers placed to indicate the points 
of their ln=prtion. 



tained to be placed upon an imaginary spiral line winding sym- 
metrically round the stem, and to be at a distance from the next 
leaf upon the spiral which may be expressed by a fraction of the 
circumference of the stem. This distance, which is usually 
constant, is known as the divergence of the leaves. The spiral 
can be traced and the divergence ascertained by counting from 
any particular leaf to the first one vertically above it. If 
we take a branch of the lApple or Cherry ti%o {fg. 154), and, 
commencing with any particular leaf wliich we will mark X 
proceed upwards, taking the successive leaves in the order 
of their ages and joining their bases by a line or piece of string, 
we shall find that after passing the leaves marked 2, b, 4, and 5, 
we shall reach the one marked C, which w ill be found to be 
situated vertically over the Ist; and then proceeding further, that 
the 7th is directly over the 2nd, the 8th over the brd, the 9th over 



GENERAL MORPHOLOGY OF THE PLANT 81 


the 4th, the 10th over the 5th, and the 11th over the 6th and Ist; 
a vertical line drawn down the stem through the base of any 
leaf will therefore pasH through the banc of every tifth leaf above 
and below it. These lines that can be drawn vertically dow n 
the stem through the leaf-bases arc known as orthostichies^ and 
the imaginary spiral line is caJled the f/enetic tpirah Jl' we 
refer again to the arrangement of the leaves in the Cherry or 
Apple { fig. 164), wc shall find that before we arrive at the sixth 
leaf, which is over the first, the string or line used to connect 
the bases of the leaves will have jiassed twice rouml the circiim- 
1‘ereiice of the br»mch. The point where a leaf is thus found, 
whieh is placed perpendicularly over the lirst, shows the com- 
pletion of a Hcriett or eyeZe’, and thus in the Cherry and Apple 
the cycle consists of five leaves. As the five leaves are 
etpndisiant from each other, and as the line which connects 
tliem passes twice round the stem, the distance of one leaf from 
the other will be of its circumference. The fraction ^ expresses 
the (dignlor tUcvvgence^ or the length of the arc interposed 
between the insertioii of two successive leaves. If a circle be 
draw ir to represent the circumference of the stem, and the position 
of the orthostichies which bear two consecutive Icav es be marked 
upon it, and radii be drawn from them to the centre of the circle, 


the angle so formed will show the divergence, ajid will be ^ of 860", 
or 144". The successiv e leaves as they are produced on the 
stem, as we have seen, arc* also arranged in similar cycles. This 
iirrangemeni m cycles of live is common in Dicotyledons. It is 
termed the pentaaiuliouH or Jive^ ranked arrimgement. 

A second variety of arrangement in alternate leaves is that 
which is called the (Hulicltoiis, or two-ranked. Here the second 
leaf on the spiral is on the opposite side of the stem to the first 
{jig. 165), and the third, being on the opposite side to the second, 
IS placed vertically over the first, and thus completes the cycle, 
Nvhich consists of only two leaves; the fourth leaf is over the 
second, and the tifth over the third and first, thus completing a 
second cycle ; and so on with the successive leaves. Here one 


turn completes the jfpiral, so that the di^ance between the leaves 
IS t tile circumference of a circle, and the angular divergence is 
180®. This arrangement is the normal one in all Grasses, and 
many other Monocotyledons; the Lime-tree (Jig. 166) and 
other Dicotyledons exhibit a similar arrangement. 

A third variety of arrangement in alternate leaves is the 
trutichouB or three-ranked {fig. 166) . In this variety, if we start 
with any leaf and mark it No. 1, and then pass to 2, 8, and 4, we 
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shall find that we shall make one turn round the stem before 
coming to a leaf vertically over the first, which will be the fourth 
in order, and thus complete a cycle composed of three leaves. 
In like manner, the fifth leaf will be over the second, the sixth 
over the third, and the seventh over the fourth and first, thus 
completing a second cycle ; and so on with the succeeding leaves. 
Here the angular divergence is i of 860°, or 120°. This arrange- 
ment is by for the most common one among Monocotyledons. 

A fourth variety of phyllotaxis in alternate leaves is the 
octosticJwua or eight- ranlied. Examples of this variety are 
afforded by the Holly and Aconite. In this the ninth leaf is over 


Fig. 165. Fio. 166. 



/’if/. 165. rortion of a brauch of the Lime-tree, with four leavi"^ Hriaiigeil 

in a distichous or two-ranked maimer. t'w. 168. Portion of a branch 

with the base of the leaves <»f a species of sliowing the tristichons 

or three-milked arrangement. The numbers indicate tlic successive btiscn 
of the leaves. 

the first, the tenth over the second, the eleventh over the third, 
and so on ; thus eight leaves will complete the cycle ; and, as 
the spiral line in this distance makes three turns round the stem, 
the angular divergence will be measured by ^ of the circum- 
ference : that is, it will f of 860°, or 185° 

We can arrange the Eractions representing these divergentos 
in a series thus : f , and we see that a certain relation 

exists between them ; for the numerator of each fraction after 
the second is equal to the sum of the numerators of the two 
preceding fractions, and the denominator to the sum of their 
denominators. We may continue the series in the same way, 
when we get the fractions A, &c., and we find that instances 
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of the occurrence of these more complex divergences are met 
with. Other similar series exist ; we can meet with cases which 
taken together form the series L and others again 

which may be an-anged in the order &c. 

In computing these fractions we have assumed that the 
genetic spiral is uniform in its direction all along the axis. It 
may pass either from right to left or in the opposite direction. 
Occasionally cases are found, however, where the direction of 
its torsion is reversed at the conclusion of each complete cycle. 
Sometimes, again, the spiral changes as the axis gets older, the 


Fig. 167 . Fig. 168 . 



Fio. 1(17. Pluespple fruit (So/xnis), sunnouuteU by a crown of empty bracts. 
J'io. 168. (Joiie of the SootcU Fir. Both show u spiral arrangement of the 
leaves. 


earliest leaves, or perhaps the youngest, being of a different 
order from the rest, Sometimes by the suppression of the 
internodes of a spiral cycle the leaves are apparently whorled or 
opposite. Such a <^cle consequently f^ms a pseudo- whorl. 

The laws of phyllotaxis are frequently interfered with by 
accidental causes which^produce corresponding interruptions of 
growth ; it is then difficult, or altogether impossible, to discover 
the regular condition. In the case of axes whose intemodes 
are much elongated, the arrangement is sometimes apparently 
altered by torsion of the stem or branch. This may also be seen 
with short internodes, though less frequently. The direction of 

a 2 
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the torsion of the axis may be uniform, or may change m 
different regions of it. 

In Pandaniis there are usually throe orthostichies which 
pass straight down the stem, but sometimes a torsion of the 
latter makes them spiral instead of straight. A singular case 
of torsion is seen in Bajdiaia perfoliata^ whose leaves, which 
are normally in two ranks, become in the upper part of the stem 
arranged in a single rank, owing to a twist of the Ruccessive 
internodes, first to the right and then to the left. 

All the above varieties of phyllotaxis in which the angular 
divergence is such that the orthostichies are vertical, and the 
leaves completing the cycles are thus directly over those com- 
mencing them, are called recfiserial ; while those in which the 
divergence is such that the orthostichies themselves arc slightly 
twisted spirally are termed curviseriaL The fraction expressing 
the angular divergence in any case can be easily asoeriamed. 
Its denominator is the number of leaves in a cycle ; its numerator 
is the number of times the genetic spiral passes round the stem 
in tracing the cycle. 

We see thus that when leaves arc alternate the successive 
leaves form a spiral round the axis. In the majority of cases, 
its direction in both stem and branches is the same, and it is 
then said to be homodromom ; but instances also occasionally 
occur in which its direction is not the same in both, when it is 
called lieterodroniom. 

2. Opposite and Who ded Leaves . — We have already observed, 
with regard to these modifications of arrangement, that each suc- 
cessive pair, or whorl, of leaves, as they succeed each other, 
is not commonly inserted immediately over the preceding one, 
but that the second pair, or whorl, is placed over the inter\als 
between the leaves of the first, the third over those between the 
leaves of the second, and so on (fig, 162). Here, therefore, the 
third pair of leaves will be vertically over the first, the fourth over 
the second, the fifth over the third, and so on. This arrange- 
ment occurs in plants belonging to the Lahiatec and Oleaceau 
and is called decussation^ as previously noticed. In some cases 
the successive pairs or whorls are not placed directly over the 
interx als between the leaves of those below them, but a little 
on one side, so that we have to pas8*’to some higher pair or 
whorl than the third before we arrive at one which is placed 
directly over the first. Such arrangements, therefore, suggest 
that the successive pairs and whorls of leaves are arranged in a 
spiral manner with regard to each other. Opposite leaves may 
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thus be regarded as due to two spirals proeeediug up the stem 
► simultaneously in two opposite directions ; and the whorl as due 
to as many spirals as there are component leaves. 

Cases in which the decussation of the whorls is not exact 
may sometimes be explained by torsion of the axis. 

The constituent leaves of a whorl are usually of the same 
age, but not always so. In, the Characccp the members of the 
whorl are developed in a definite sequence. Spurious whorls 
or pseudo -whorls may arise in certain cases where in the bud 
one leaf develops from each of many nodes, which st that time 
are close together. By non-development of some of the inter- 
nodes, many of these leaves continue in close proximity, and 
such clusters being separated by growth of a particular intemode 
bi t ween them, the originally spiral arrangement is lost and a 
whorled one apparently takes its place. The members of each 
pseudo-whorl are, of course, of different ages. 

The alternation or opposition of leaves is generally constant 
in the same species, and even in some cases throughout com- 
plete Natural Orders. The plants of the Boraginacem have 
alternate leaves ; those of the Caryophyllacece^ opposite ; those 
of the LnhiatcPy opposite and decussate ; those of the Legimi- 
noscEy alternate ; those of the BosaceeSy alternate, &c. While 
the opposition or alternation of leaves may thus be shown to 
be constant throughout some complete Natural Orders, yet a 
change from one arrangement to another may sometimes be 
seen upon the same stem, as in the common Myrtle and Snap- 
dragon. Alany plants which have opposite leaves on their 
adult parts often exhibit an alternate arrangement at the 
extremities of their young branches when these grow very 
rapidly. In other cases leaves nonnally arranged alternately 
become opposite, or whorled, through the non-development of 
the successive internodes by interruptions of growth ; in 
others again the whole of the intemodes of a branch remain 
undeveloped, the leaves then being tufted or fascicled as already 
noticed (;fig. 168). Generally, however, the relative position of 
Iqavos is so constafit in any particular^pecies that it forms one 
of its characteristic distinctions. 

A certain order of arrangement may often be noticed between 
the leaves of a stem and those of the branches springing from 
their axils. In Dicotyledons which have opposite leaves, the 
leaves of the pair first produced upon a branch usually decussate 
with the leaf at its base. In Monocotyledons the first leaf is 
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placed upon the side of the branch nearest to the stem, opposite 
to the leaf from whose axil it arises. 

(8) Arrangement of the Leaves in the Bud.— We pro- 
ceed now to examine what is known as vernation^ or the different 
modes in which the leaves are disposed while in an unexpanded 
condition in the bud. We may consider, 1st, the modes in 
which each of the loaves, considered independently of the others, 
is disposed ; and 2nd, the relation of the several leaves of the 
same bud, taken as a whole, to one another. The arrangements 
of the separate leaves may be divided into : — 1st, those in 
which the leaf is simply hent or folded ; 2nd, those in which 
it is rolled. Of the first modification we have three varieties : — 
Ist, the upper half of the leaf may be bent upon the lower, so 



Fig. 169. Vertical section of a reclinate leaf. Fig. 170. Tranaverae aoction 

of a ooiidapllcate leaf. Fig. 171. Tranaverae aection of a plaited or 

? licate leaf. Fig. 172. Vertical aection of aclrcinate leaf.- — Ftg. 17:1, 

'ran averse section of a convolute leaf. Fig.l7i. Transverse section of 

a revolute leaf. Fig. 176. Transverse section of an Involute leaf. 


that the apex approaches the base, as in the Tulip-tree ; it is then 
said to be reclinate or inflexed (fig. 169) ; 2nd, the right half 
may be folded upon the left, as if the ends and midrib or axis of 
the leaf formed a hinge, as in the Oak and Magnolia, when it is 
called conduplicate (fig, 170) ; 8rd, each leaf may be folded up 
a number of times like a^ fan, as in the Sycasfiore, Currant, and 
Vine, when it is plaited or plicate (fig. 171)* Of the second 
modification we liave four varieties : — 1st, the apex may be 
rolled up on the axis of the leaf toward^ the base, like a crosier, 
as in the Sundew and Ferns, when it is circinate (fig. 172) ; 
2nd, the whole leal may be rolled up froni one margin into a 
single coilf with the other margin exterior, as in the Apricot and 
Banana, in which case it is convolute (fig. 173) ; 8rd, the two 
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margins of the leaf may both be rolled inwards on the upper 
surface of the leaf towards the midrib, which remains im- 
movable, as in the Violet and Water-lily, when it is involute 
{fig. 175) ; 4th, the two margins may be rolled outwards or 
towards the midrib on the lower surface of the leaf, as in the 
Dock and Azalea, in which case it is revolute (fig. 174). 

We pass now to consider^ secondly, the relation of the 
several leaves of the same bud, taken as a whole, to one another. 
Of this we have several varieties which may also be treated of 
in two divisions : — 1st, those in which the component leaves are 
■fiat or slightly convex ; and 2nd, where they are bent or rolled. 


Fig. 176. Fig. 177. Fw. 178. 



Fig. 179. Fio. 180. Fig. 181. Fio. 182. 



Fkj. 17G. Transverse section of a bud to show the leaves arranged in a 
valvatc manner. Fig. 177. Transverse section of a bud to show im- 
bricate vernation. Fig. 178. Transverse section of a bud to show 

twisted or spiral vernation. Fig. 179, Transverse section of a iiud to 

sliow' iiuliiplicate vernation. Fig. 180. Transverse section of a bud 

showing equltant vernation. Fig. 181. Transverse section of a bod 

showing obvolute vernation. Fig. 182. Transverse section of a bud 

showing snpervoliite vernation. 

Of the first division we may recognise three varieties: — Ist, that 
in which the leaves are placed nearly in a circle or at tlie same 
level, and in contact by their margins only, without overlapping 
each other, when they are valvate (fig. 176 ) ; 2nd, that in 
which the leaves €re placed at different levels, and the outer 
successively overlap the inner to a greater or less extent by 
their margins, as in Jhe Lilac, and in the outer scales of 
the Sycamore, when they are said to he imhricaie {fig. Ill ) ; 
and 3rd, when leaves are placed as in imbricate vernation, and 
one margin of each leaf overlaps that of another, while the other 
margin, in its turn, is overlapped by a third, the vernation is 
twisted or spiral {fig. 178). A variety of the valvate arrange- 
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iiicnt is the in<h(pUvatf form, in Avhicli the edges of the leaves, 
instetul of merely touoliing, are bent inwards for some little « 
distance (.////. 179). Of the second division, that is where the 
component leaves of tlic bud arc benf or vollcd^ wo have threc'- 
varieties : — Ist, when the leaves are conduplicato, and each 
completely infolds all those younger than itself, so that in trans- 
verso section they seem to sit astride of them, as in tlie Privet, 
they are equitanf 180); 2nd, when the half of one con- 
duplicate leaf receives in its fold the half of another folded in 
the same manner, as in the Sago, the veniation is half^eqnitauf 
or ohvolutr 181) ; and 8rd, when a convolute leaf encloses 
another which is rolled up in a like 
manner, as in the Apricot, the verna- 
tion is 8upcrvohdc (/i^, 182). 

The terms thus used in describing 
the different kinds of vernation are 
also applied to the coinponoiit parts of 
the flower-bud, under the name of 
(pdivafion or preefl oration, though the 
arrangements of the latter are more 
complex. AVhen speaking of the 
flower-bud, we shall have therefore to 
refer to some of them again, togetlier 
with others not found in the leaf -bud. 

3. OTHER MODIFICATIONS OF THE 
LEAF. 

Besides the kinds of leaf which we 
have now examined, there occur others 
which servo various purposes, and are 
frequently adaptations to special habits 
of life; such are npinovs haves, haf- 
temhnh, and pitchers. Either the whole leaf or part of it may 
undergo modification of this kind. We have again the various 
forms of scaly or catapllyllary lea\ eB, and tlie leaves specially 
connected with reproductive structures, including the sporophvlls 
and other leaves of the flower and inflouf'scencc. 

Leaf-spines . — Any part of the leaf may exhibit a spiny 
character. In the Holly (fig, 122) and many Thistles {fig. 93), 
the veins project beyond the blade, and become hard and spiny ; 
while in the Barberry (fig, 183) the whole lamina becomes 
spinous. The whole epipodium assumes a spiny character in 


Fio. 183. 



Fig. 183. Aportlon of a branch 
of the Barberry (BeHterin 
vulgarift'), bearinf? spiny 
leaves. The nppor leaf Im 
composed entirely of hard- 
ened veins without any 
}>arpncl» 3 Tna between tliein. 
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some spccicB of Anira^aluH also. The stipules sonietiines 
become transformed into spines, as in Bohitda pRrvchacaHa 
{ fif/, 93). 

Spines of loaves may be readily distin^iished from the 
thorns already described, which are modified branches, because 
the latter always arise from the axil of the leaf, instead of from 
the leaf itself. Spines may be readily distinguisht'd from 
pricMes by their internal structure. 

Lea f -tend HU » — Various parts of the leaf may become trans- 
formed into tendrils, the organs sensitive to contact, which have 


Fia. 184. Fig. 180. 



Fio. 185. 


184. TiOftf of a Riieoies of Lnlhynt^, allowing a wlngnl petiole, with two 

lialf-sagittato ntlpiile® at its base, aiul tormlnatcMl bv a t^'nrtril. Fiy. 185. 

A ])ortiou of the ntem of J^fJhyrus Aphnett, wltli stipules, .v, x, and eirrliose 

pliyllopodiiim, Fig. 186. A portion of the stem of Fun In t\ bearing a 

jietiolate leaf, and t\>o tendrils in plaee of stipules. 


already been described in connection with the modifications of 
the stem. Their purpose is to enable a weak-stemmed plant 
4o climb up any Support with wliiclf they come in contact, and 
round which they can twine. Such tendrils may be a prolonga- 
tion of the leaf-blad^ beyond the apex, as in GloHom ntiperha, 
the leaflets of a compound leaf in many of the Leguminosce 
{figs, 82 and 184), the whole petiole in Lathynts Aphaca 
{fig, 185), and the stipules in SmiJ^x {fig, 186), 

Aacidia or Pitchers . — These are the most remarkable of all 
the anomalous forms presented by leaves. They may be seen 
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in the species of Nepenthen or Pitcher-plauts {/ig. 187), in the 
species of Sarracenia or Side-saddle plants {fig. 188), and in 
many others. In Sarratenia {fig. 188), the pitcher appears 
to originate much as does the peltate leaf ; by further basal 
growth it becomes tabular. In Nepenthes {fig. 187), the 
petiole is winged for a certain distance, then assumes the ap- 
pearance of a tendril, and ultimately bears a pitcher, p ; this is 
arched over by a lid, which is imited to it by an articulation. 

Equitant Leaves. — A peculiar form of leaf is seen in Iris, 
Plwrmium^ and certain other Monoootyledonous plants. The 
leaf is long and comparatively narrow, and its flattened surfaces 


Fig. 187 . Fig. 188 . Fig. 189 . 



Fig. 187. Pitcher of ft Bfjpcies of Pitclier-plaiit {yepenthe'< (ItsfUlafoHtt). 

p. Pitcher coverel by the lid, /. Fig. 188. Pitcher of the Side-saddle 

plant (^Sarracenia purpurea), /•ig. 189. Pitchers of HehampJwf'it. 


are directed laterally like those of phyllodes. Its construc- 
tion can be determined by an inspection of its base, where 
it is seen to be split partly up one edge, the split embracing 
the next leaf. The blade is, in fact, folded along its centre, and 
the upper surfaces of the felds are united together along nearl\; 
the whole of the lamina. One edge of the blade so corresponds 
to the conjoined margins of the leaf, the other to its central line, 
and the two sides to the whole dorsal surface. The upper surface 
is only exposed at the sheathing base. 

Scaly or Cataphyllary Leaves. — These are of very simple 
structure ; they occur as coverings to buds and thin membranous 
coatings to tunicated bulbs and corms. The fleshy leaves which 
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form the bulk of tunicated or scaly bulbs may be included here. 
They do not contain chlorophyll, and are usually storehouses 
of nutritive materials In some parasitic and saprophytic plants, 
such as the Broom-rapes, and certain Orchids, fleshy scales 
replace the ordinary foliage leaves. 

Floral Leaves , — These include the various forms which occur 
in connection with the mechanisms of spore production. They 
will be discussed later in more detail. They show much 
peculiarity of form, colour, and arrangement. 
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CHAPTER II. 

MORPHOLOGY OF THE REPRODUCTIVE ORGANS. 

The life of an individual being but limited in its duration, we 
find various mechanisms developed to continue the existence of 
the species ; these fonn the Reproductive Organs. Wo have seen 
that new individuals are produced from existing ones by various 
Inethods, which may be grouped into three classes, known 
respective!}^ as the vegetative^ the a\i^xuaL and the s^uaL 

Instances have already been given of the origination of 
special adventitious buds upon various parts of plants which, 
becoming detached from the parent form, can carry on inde- 
pendent existence. Such are the young plants arising on the 
stolons or ruimers of the Strawberry, or on the leaves of 
B^yophyllwn : all such belong to the first group. We have also 
'found that plants produce from time to time special cells which 
W1 away from the parent and are by themselves capable of 
,gi\dng rise to new plants. When these asexual cells occur upon 
the sporophyte they are termed spore s ; \^en they arise upon 
the gametopbyte, as they do in the Algae and Fungi, tlicy are 
called We have noted, further, that in otlier cases 

special cells are produced which unite in pairs to fonii new 
cells, from which again the new phase or fonn of the plant is 
developed : these ai*e sje^ijgJ^ells or g amet es^ The two forms 
or phases are named sporophyfes and gametopliyfes, on account 
of their bearing spores and gametes respectively. The gameto- 
phyte, besides bcai’ing its^gametes, may, as mentioned, aljjo 
bear asexual cells or gonidia, indistinguishable in their stnicture 
and behaviour from the spores of the sjjorophyte. The sporo- 
phyte, however, never gives rise to gametes. 

On germination the asexual cells, whether spores or gonidia, 
give rise to gametophytes ; in all forms above the Thalloph}i.ea 
the cell (known as a ^ t^ofe) resulting from the fusion of the 
gametes develops into a sporophyte. In some Thalloph}d;e8 the 
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zygote gives rise to a rudimentary sporophyte ; in others to a 
gametophyte. 

We may now examine separately the vegetative, asexual, 
and sexual reproductive mechanisms. 

Section I. 

VEGETATIVE REPRODUCTIVE STRUCTURES. 

\'egetative reproduction is the simplest manner of producing 
a new individual, and can in the lower forms often hardly bo 
distinguished from ordinary growth. It can be illustrated by a 
series of examples. In the lowest Fungi and Alga*, in which the 
plant consists only of a single cell, as in Yeast, an outgrowth 
from the cells appears, which becomes detached and forms a 
new individual, giving rise to others in turn. Sometimes the 
process is so rapid that the new cell gi\ es rise to another before 
being detaclu'd, and this may go on till a chain of cells is 
formed. Each of these is, however, an independent Yeast 
plant, and the separation is a mere matter of time. This 
process is known as huddinr/. In other cases, as in the Desmids, 
the cell divides into two, each of which, by subsequent gi’owth, 
becomes a new indhidual. This is only slightly different from 
the first process, and is known as fission. 

In more highly differentiated plants certain portions of the 
parent are detached, which develop into the adult forms. These 
are generally known as gemnne^ and may be unicellular or 
multicellular. Instances are found of the former among the 
Fungi ; of the latter in higher groups also, particularly the Li\er- 
worls and Mosses, where they are developed in special places. 
In the former group they are found in cup-like rece2)tacle8 upon 
the upper surface of the thalloid stem ; in the latter their 
[)08ition varies greatly. In the Lichens small portions of the 
thallus arc set free ; these are known as soredia. They have the 
same structure as the thallus itself. 

In many plants branches frequently become independent by 
the perishing of tl^ main axis on whicjuji they originate. In the 
c^se of the runner of the Strawberry a bud is developed on the 
stem which puts out roots and attaches itself to the ground. 
Then the stem on whifh it arises perishes, and the new plant 
lives for itself. Other cases of similar behaviour are furnished 
by the production of bulbs or corms in many plants, and in the 
behaviom' of many rhizomes. 

Cuttings illustrate the same mode of reproduction. A piece 
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of the stetn, with buds and leaves, when separated from the 
parent and planted in soil, will, under appropriate conditions, 
put out roots from the cut surface, and thus replace the parts 
missing, and lead an independent life. Buds may arise from 
wounded leaves or petioles under similar conditions. 

In this mode of reproduction the form of the plant from 
which the new one is derived remains unchanged. Thus 
sporophyte gives rise to sporophyte, gametophyte to gameto- 
phyte, and there is no alternation of generations. 

Section II. 

ASEXUAL EEPRODUCTrVE ORGANS. 

The Sporetf, 

The relative dimensions of the sporophyte and gameto- 
phyte in the different classes of plants vary considerably. 
There is, however, a somewhat regular series in both. The 
morphology of the gametophyte will be treated of in a subse- 
quent chapter. The sporophyte can be distinguished only with 
dilhculty in the Algae and Fungi, and many of these plants do 
not possess one ; in the Mosses the sporophyte is the theca ^ 
capsule f or sporogoniumi which is developed from a fertilised 
cell or zifgote at the apex of the leafy shoot. In the Ferns the 
sporophyte is the so-called plants as it is in the Equisetums and 
Club-mosses. The Phanerogams show the sporophyte in its 
best development, the plant as we see it representing that phase. 

The reproductive organs of the sporophyte are specialised 
cells known as These are generally single cells, usually 

furnished with a tough, sometimes much-thickened coat, en- 
closing, in addition to its living substance or protoplasm, various 
nutritive materials, such as starch, sugar, oil, &c. The spore- 
coat in some cases is thin and delicate. Spores are produced in 
various ways in different plants, but are usually found in special 
receptacles known as sporangia . 

As we have sdreauy ^said, similar asexval cells are very 
generally borne upon the gametophytes of the Algae and Fungi. 
These are known as gonidia, and the structures in or on which 
they arise may be called gonidemgia* 

In the cases where the spore has no outer wall, it must be 
regarded as a naked piece of protoplasm. It is then frequently 
furnished with a number of vibratile threads at one or more 
points of its surface, by which it can move freely about in 
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water. Such a spore is known as a zoospore. It only occurs 
in the lowest forms of plants, the Algsc and Fungi. 

" The asexual cells, or gonidia, which are borne upon the 
gametophytes of the Algte and Fungi, have the same structure 
as spores. 

In the Vascular Cryptogams the sporophyte of some plants 
produces one kind of spore only ; that of others gives origin to 
two kinds, which differ from each other in size and in the form 
of gametophyte to which they give origin. They are known!) 
as microspores and macrospores or meijaspores respectively. 
According to whether one or two kinds of spore are produced, 
the sporophyte is called liomosporoiis or lieterosjjorous. The 
I’hanerogams are all heterosporous, and special terms are 
(‘inployed to characterise their microspores and megaspores 
respectively. The former are known pollen-grains^ and the , 
latter as embryo-sacs. These terms were employed before the 
true nature of these structures was known ; it is convenient to 
use them still, recognising, however, their true morphological 
nature. 

The Sporangia. 

A good deal of variety is found in the form of the organ on 
or in which the spores or the gonidia originate. In unicellular 
plants the whole cell may become a sporangium or gonidangium, 
as it sometimes does in Yeast, where its contents divide into 
four parts, each of which becomes surrounded by a cell-wall, and 
the four spores so formed become liberated by the disintegration 
of the original cell -wall. In many Fungi there is no special 
gonidangium, but the gonidia are abstricted from certain special 
cells of the filament or the surface of the thallus, and frequently 
form long chains which eventually separate into distinct gonidia. 
In others the gonidia are solitary at the end of a filament. 
Some botanists regard these as gonidangia, each producing a 
single gonidium. 

In higher plants the sporangium is not a single cell, but a 
ditierentiated multiiiellular body. 

• In the group of the Bryophyta, or Moss-like plants, there are 
no definite sporangia, but the spores are produced in a special 
part of the sporophyte, l^nown as the capsule or sporogoniuin. 
This must not be confused with a sporangium^ as it contains 
other stnictures than spores ; it is a highly complex body, and 
forms the greater part of of the sporophyte. 

In all plants above the Mosses the sporskngium is a well* 
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iitferentiated roundish or ovoid stnicture, possessing a wall or 
3oat, often furnished with particular cells to secure its opening 
A’hen ripe, in the interior is a cavity, in which the spores' 
isually lie free and present the structure already described. 

I The position of the sporangia varies also. U sually they arise 
on leaves, which are then known as aporophijlh^ each of which 
knay bear one, two, four, or many. They may be on the back 
of the leaf, as in most Ferns ; on its edges, as in the case of the 
megasporangia, or ovules, of most Phanerogams ; or in its axil, 
as in many Lifcojwdincc ; or embedded in its substance, as in the 
Ophwylosffticete and the anthers of the 1‘lianerogamB. The 
inegasporangia of the Yew-tree among Gymnospenns, and those 
of certain Angiosperms, arise on the axis or stem, and not upon 
the leaves. The inegasporangia are more frecpiently borne on 
the axis than are the microsporangia. 

In many cases the sporangia are found in isolated groups, 

|f' when each group constitutes a iforu^y as in most Ferns. Some- 
times the sporangia in a sonis are not isolated but coherent 
together, as in Manittiny and in the anthers of the Phanero- 
gams. 

When a plant bears both micrc^spores and megaspores, spo- 
/ rangia producing each kind may be present in the same sorus ; 
j or a sorus may consist of either micro- or inegasporangia. 

’ Generally, though not always, the sorus is covered and pro- 
! tected by an outgrowth of the surface of the plant, known as an 
i The sorus is represented in the I’hanerogams most 

clearly in the arrangement of the microsporangia of some Cycads, 
which are collected into groups on the surface of a modified leaf. 

A kind of indusium is present in the CupreHnneo!^ where the 
sporangia when young are co^ ered by an outgrowth of the under 
surface of the sporophyll. 

In other cases the sporangia ore single and not grouped. 
Such sporangia then represent sori, and each may be covered b.> 
an indusium, as in the case of the megasporangium of Aaolla, 
Some botanists hold that the coats or integuments which invest 
closely the megasporangium of the Phanerogams, generally 
called the ovitZe, represent this indusium. 

When the spores are mature they are liberated by the burst- 
ing of the sporangium wall, and they give rise to their gameto- 
phytes after this liberation, the latter thus being free from the 
sporophyte. As already noted, however, an exception to this is 
found in the case of the megaspore of the Phanerogams, which 
germinates in situ in the sporangium fovule). 
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The megasporangiuiii of the I’hanoiogams shows consider- 
^le clivcrBity of form in different plants. It will be convenient 
to reserve a discussion of its principal features till the end of tlie 
present chapter, where it will be treated of under its popular 
name ooide. 

The Sporophorc or Tnjioreacence. 

in the sporophytes of all the higher plants, the sporangia, 
and the sporophylle on which they arise, are collected together 
to a greater or less extent, and thus give rise to peculiar niodi- 
licHlions of the ordinary vegetative body. In the so-called 
Flowering Tlants, or riianerogams, ths sporophylls with their 
sporangia occur in special structures known flowers. These 
ij< turn are usually arranged upon special branches, which form 
a branch s,>stcm, sharply marked off from the remainder of the 
jdaiit. This l)rauch system constitutes what is generally called 
th(! siwrophore or inflorescence. In many of the lower plants \ 
the inflorescence is not so conspicuously shown, the sporophylls 
often resembling the foliage leaves and not behig collected into 
flowers. The term flower should not, however, be restricted to « 
the so-called Flowering Plants, but may be applied to any sliooti 
especialhj adapted to spore-production. The flower of the ' 
Phanerogiims consists of an axis, generally bearing leaves, which 
may be of two kinds: the sporophylls, or those which carry the 
sporangia, and certain protective leaves which bear the name of 
the perianth. Sometimes the axis bears no leaves, and the 
sporangia arc developed uiion the axis itself, as in the case of 
the ovule of the Yew-tree. Usually in Phanerogams the\ 
lluwcr includes two kmds of sporophylls : those bearing 
microsporangia, which are named stamens; and those carrying 
m'cgasporangia, wliich are known as carpels. Many flowers,/ 
however, contain only one of the tw^o, and arc then known as 
stiun mate and pistillate respectively. 

The sporophyll may present many forms : in most Ferns it * 
can be distinguished from an ordinary foliage leaf only by the 
presence of the spe^angia on its under surface; in the Equi- 
setums, or Horsetails, it is a peltate scale ; several spring 
together from the apex of the shoot, each bearing many sporangia 
between the scale and the axis ; in most Gymuosperms the form 
varies from a structure similar to that of Equisetuni, to a broad- 
based, scaly leaf, with the sporangia on either its dorsal or 
ventral surface, as in the staminate and pistillate flowers of Finns 
respectively. In the Angiosperms the stamen is a club-shaped 
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body with a swollen head ; the carpel is more leaf-like, looking 
in its simplest form like a leaf folded upon its midrib, asr^i^ 
the latter were a hinge. Its upper surface so becomes internal, 
and its margins are united in front, forming a closed chamber, 
the ovary. Often when several carpels are situated side by 
side, instead of their two margins uniting together, the margins 
of each fuse with those of their contiguous neighbours, forming 
a single chamber. 

In plants higher in the scale than the Ferns the sporophoro 
Fio. 190. 



Fig. 190. Howeriug btalk of tbe White Dead-uettlc {^Lamiunt (ilbvm)^ 
with leafy bracta and verticillasters m their axilh. 


forms a distinct branch system, easily distinguishable from the 
vegetative one. In consequence of its ultimate shoots taking 
the form of flowers, it ifi known as the infiorescvncc. It sliows 
a very great variety of form, depending on the mode of branching 
and the relative development of it^ several parts. These 
varieties must be treated of in some detail. 

As in the case of the vegetative brand) system, we have to 
discuss the axis and its ramifleations, and the leaves which are 
borne upon it. The latter are all more or less specialised, but 
fall into two categories, the leaves of the flower or ultimate 
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branch, and those of the axis apart from the tiower, which are 
^chided under the general term hractf or It will 

be convenient to examine the latter first. 


1. THE BRACT. 


The term bract is properly applied only to the leaf from the 
axil of whic'h a solitary flower or a floral axis arises. All other 
It afy structures which are found upon such an axis in the 
east's in which it occiu*s, and which therefore come between 
the bract and the flower properly so called, should be termed 
bracilcts or braclcolen. These two kinds of bracts are, however, 
not always distinguished in practice, 
the term bract being frequently used to 
designate either variety. 

' ‘ Bracts vary much in appearance 



a)id in dimensions. Some of them are 
of considerable size and gi’een in colour, 

. 

Fio. 192. Fitj. 193. 



/’/</. lyj. Flowmiig stalk of tbe Pimperuel (AHuyallt^ 
b, b, Solitajy tiowers arisLuiu' from tlio 
iixil of tlio ]o,iry bracts, a, — /7f/. 102. UalyK of 
the Mar‘'h-malUnv {Althan burrouuded 

i)y ail eplciilyv or iiivoluen'. — Fig. 193. Flower 
(»f the Strawlieriy {Franaria regai), burrouud^ by 
au cpicalyx or iuvoliici e. 

so that in most respects they arc ahnost 
iiidistingiiishabl# from the ordinary 
foliage leaves of the plant upon which 
t|jey are placed, as in the White Dead- 
nettle {Jifj. 190), and in the Pimpernel 


{fif/, 191, a, a). Such bracts can really 
often be distinguished from the foliage leaves only by their 
position with regard to the dower-stalk or flower. In most 
cases, however, bracts, although very commonly of a greenish 


u2 
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colour, are smaller than the foliage leaves. In many plants 
they may be known from the ordinary leaves not only by the^j* 
position, but also by differences of colour, outline, and texture, 
and by other peculiarities. A number of them which are fused 
together to form the eiipule of the Oak (fitj, 197) arc hard 
and woody ; in tlie Hop {fitj. ‘216) they are membranous ; in 
certain plants of iYiv. Anicem KuphorhiavciCt coloured; in 
the dower-heads of the Cowposihe, scaly ; and other modifica- 
tions also occur. 

Sometimes, when a number of brscts are situated in a whorl 
immediately below the calyx, it is dilficult to determine whether 
they should be considered as a part of the calyx or as true 
bracts ; in most liowers of the order Malvaceae for instance, 
wc have a circle of leafy organs placed just below the calyx, to 
which the term epicahjx has been given {Jig. 192). 

Almost all intlorescences are furnished with bracts of some 
kind or other; it frequently happens, however, that some of 
the bracts do not develop axillary fiower-buds, just in the same 
manner as it occasionally happens that leaves do not produce 
leaf-buds in their axils. In some cases the non-development of 
flower-buds in the axil of bracts appears to arise simply from 
accidental causes ; but in others it occurs very regularly ; in 
the Purple Clary (Salvia Honnijiam) and the common Pine- 
apple (Jig. 167),^for example, there arc numerous bracts without 
flower-buds placed at the apex of the inriorescence. Such bracts 
are called empty. When bracts are absent altogether, as is usually 
the case in the plants of the natural order Cna iferie, and those 
of the Boraginaceie, such plants arc termed ebracteate ; when 
bracts are present, the inflorescence is said to be hracteate. 

Arrmtgcment and Duration of Bracts. —BmeU follow the same 
laws of arrangement as true leaves, being alternate, opj)osite, or 
whorled, in different plants. The bracts of the Pineapple-fruit ( fig. 
167) show in a marked manner a spiral arrangement. 

Bracts vary in their duration : when they fall immediately after 
the flower-bud expands^ they are said to hQ (fecidmnis', when they 
remain long united to the floral axis, they are persisiciii. In Gome 
plants they persist and constitute a part even of the fruit : in the 
Hazel-nut and Filbert they form the cupule (Jig. 198), in the Acorn 
they constitute the cup (Jig. 197) ; and in the Hop (fg. 216), in the 
Fir-cones (figs. 168 and 243), and Pineapple (fig. 167), they persist 
as membranous, woody, fleshy, or scaly appendages. 

Varieties of Bracts . — Bracts have received special names accord- 
ing to their arrangement and other characters. The bracts of 
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that kind of inflorescence called an am-entum or cafkm, as seen in 
(^e Willow (fig. 214), Oak, Hazel (fig. 194), Birch, and other plants, 
are usually of a scaly nature, and are termed squaimp or scales ; 
or the bracts are described as sqiutimns or scaly. The bracts of 
the pistillate flowers of the Hop (fig. 215) are of a similar character. 

When a circle or whorl of bracts is placed around one flower, as 
in the Marsh-mallow (fig. 192) and Strawberry (fig. 193), or around 
a number of flowers, as in the Carrot (fig. 196) and most other 
Umbelliferous plants, they form what is termed an involucre. In 
some Umbelliferous plants, as, for instance, the Carrot (fig. 196), there 
are two involucres, one at the base of the primary divisions of the 
floral axis or general umbel, a ; and another at the base of each of 
the partial umbels or nmbellules, 6, h ; the former is then called the 


Fro. 194. 195. 



Fw- Stnniinnte or ranle catkin of the Har-cl (Coriilus Avellann\ showing 

a mimber of soaly hj’acts lietwccn tlie flowers. Fig. 196. Compoand 

nml)el of tlie Carrot {Dauem Carota). a. General involucre. 6, h. Partial 
involncns or involiicels. 

(/eiierfil involucre’, and each of the latter an involucA or partial 
involucre. In plants of the natui’al order ComiX)sitce, such as the 
Marigold (fig. 196), Artichoke, Chamomile, and Daisy, and in some 
allied orders, a some^diat similar arrangement of bracts takes place, 
and the name of involucre is also applie^ in these cases. In the 
involucres of the Compositae there are frequently two or three rows 
of bracts thus overlappini; one another ; the constituent bracts of 
these latter involucres have been termed phyllaries. Sometimes 
the bracts of an involucre grow together at their bases, and foim 
ultimately a sort of cup-shaped body surrounding the fi-uit, as the 
cup of the Acorn (fig. 197) and the husk of the Filbert or Hazel-nut 
(fig. 198) ; they then form what is called a ctipule. 
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When a bract is of large size and suiToiinds, as a kind of sheath, 
a single flower or a number of flowers, so as to completely enclose. 


Fio. 



Fi(f. IM. Gapituluin of Marigold {Cahu- 
diila)^ sliowing the flowers enclosed an 
an involucre. 


them while they are young, 
as in the Snowflake (fuj. 199), 
the common Arum or Cuckoo- 
pint (fuj. 200), and Palms (fin. 

217) , it is called a spathe. The 
spathe is generally found sur- 
rounding the kind of inflores- 
cence called a sj^adir, as in the 
Arum (fip 200) and Palm (ffj. 

218) ; it is also very common 
in other Monocotyledons. The 
flj>athe may be either green 
like an ordinary leaf, as in the 
Cuckoo-pint ; or coloured, as 
in Richardia {Ptiuopica. In 
some Palms these spathes are 
of great length, occasionally 
even as much as twenty feet ; 
and as many as 200,000 flowers 
have been counted in them. 
Sometimes the spadix of a 
Palm branches (fig. 218), and 


Fig. 197. 


Fm. 198. 




Fin, 107. Fruit of the Oak {Querciis RidtxrX Rurrounde*! by a cupiile. 
Fig. 198. Fruit of the Hazel (Cofyliu Awllann), with a enpiilc at its base. 


then we frequently find smaller spathes surrounding its divisions, 
which have been named spathelloi. The term spathe is sometimes 


i\roKPnoLor7Y of reproductive organs loa 


restricted to the large enveloping bract of the spadix ; the bracts of a 
^fdiiiilar character, which enclose only a single flower or at most very 
Tew, as frequently occurs among Monocotyledons, are then called 
spathaceous bracts. 

Resides the bracts which surround the head of flowers of the 
Composite and form an involucre, it frequently happens that the 


Fm. 199. Fio. 200. 


Fig. 201. 



199. Flower of the Spring Snowflake {Leuco)um rernum), arising from 

the oxil of a ppathaoeous bract or apathe. Fig. 200. Spadix of Ouckoo- 

plnt (A/ am m a cu In f um) enclos&l in a spathe, u jwrtlon of which hai been 
removed to show t lie flowers within. Fig. 201. Receptacle of the Cha- 

momile (Anthemiii nobiJU\ bearing tubular flowers (^floreta), a, and 

bracts, 6 ; the latter are sometimes termed paleof. I<ig. 202. Locusta 

or apikelet of the (_)at(i4»e;ia scUim), qI,qI. Glumes, ps^pi. Palea or 
puleg. a. Avsu arising from the dorsum of the outer pale, p$, f$, A.n 
abortive flower. 


individual flowers or florets (fig. 201, a) are also provided with little 
bracts, b, which are thgn generally membranous in texture, and 
colourless, as in the Chamomile. These have received the name of 
palecp, or— to distinguish them from certain floral leaves found in 
Grasses which are known by the same name — they may be termed 
pale^p of the receptacle. 

The only other bracts which have received special names are 
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those found in plants of the Graminecp, and Cyperacece. The partial 
inflorescence of a Orass, which is termed a locusta or spiliclet, has 
its base one or two bracts, which are called rfhnnes {fig. 202, gl, gl ) : 
while in the Cyperacese each flower arises from the axil of one or 
two similar bracts. 


2. THE AXIS. 

The various kinds of branching that have already- been 
examined have been seen to be three — the dichotomous, the 
monopodial or racemose, and the cymose, usually sympodial. 
In the inflorescence wc find the first of these doubtfully or not 
at all represented ; we have therefore to deal only with the last 
two. These are sometimes called Indefinite or Indeterminate 
and Definite ov Determinate respectively. In the former, the 
primaiy floral axis is never terminated by a flower ; hence it 
has the power of either gi’owing in an upward direction, in the 
same manner as a stem or branch has the power of elongating, 
and thus adding to its length, or of dilating more or less hori- 
zontally'. There is consequently no liecessary limit to the 
grow'th of such an axis, and hence the name of Indeteniiinate 
or Indefinite which is applied to it. Such an axis develops 
flower-buds in acropetal succession as it continues to elongate ; 
from them flowers are produced, and these, like the buds of a 
stem or branch, are commonly situated in the axils of leaves 
which are here called bracts, as we have seen. All the flowers, 
therefore, of an Indefinite Inflorescence must be necessarily 
lateral. This inflorescence is also termed mompodial. The 
general characters of Indefinite, Indeterminate, or Monopodial 
Inflorescences depend therefore upon the indefinite growth of 
the primaiy axis ; wdiile the ultimate axes which are developed 
from it are terminated by flower-buds. In definite or Deter- 
minate Inflorescences, on the contrary, the primary axis is ter- 
minated at an early period by the production of a flower-bnd ; 
such an axis has therefore a limit at once put to its growth in 
an Upward direction, and hence the names of Definite, Deter- 
minate, or Terminal, applied to it. ^ 

Each of these primary divisions presents us with several 
modifications, and a third class is not uncoimnonly met with, 
which, as it includes both modes of branching, is commonly 
spoken of as mixed inflorescence. 

Before discussing the different forms of these, there are cer- 
tain peculiarities and varieties of the axis itself which we must 
consider. 
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The term j^etl uncle is applied to the stalk of a solitary flower, 
whether axillary {fig, 191, />, h) or terminal {fig. 199), and to a 
floral axis which bears a number of sessile flowers {figs. 211 
and 212) ; if the floral axis branches and each branch bears a 
flower {figs. 209 and 210), the main axis is still called a 
and the stalk of each flower pedicel; if the axis is still 
further subdivided, the general name of peduncle is applied 


Fm. 203. Fio. 204. 



Fin. 205. 


f F'm. 203. Hypaiitliodinm of the Fig {Ficus Canca). 

iihowlng pear-shaped fleshj' receptacle bearing 

flowers on its iiyier surface. 204. Ooen- 

nnthium of a species of Dovstenia. Fig. 206. 

Female plant of Vallnueria spiraUs^ with its 
flowers arranged on spiral peduncles. 


to the whole, with the exception of the stalks immediately 
supporting the flowers, which arc in all such cases called pedicels. 
When the floral axis is thus branched, it is better to speak of 
the main axis as •the primary axis ^fig. 210, u')» its divisions 
aS the seamdary axes, a'\ and their divisions as the tertiary 
axes, a*'\ &c. 

• 

Kinds of Peduncle . — Under certain circumstances peduncles and 
pedicels have received special names. When a peduncle is elongated, 
and gives off from its sides sessile flowers {figs. 211 and 212), or 
branches bearing flowers {figs. 209 and 210), it is called the racJiis ; 
but if, instead of being elongated, it becomes more or less dilated, 
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and bears numerous flowers, it is termed the receptacle. The re- 
ceptacle varies very much in form ; it is flattened in the Cotton ^ 
Thistle (fig. 223), conical in the Chamomile ( fig. 201), concave and 
fleshy in the Dorstenia (fig. 204), pear-shaped and hollowed out in 
the Fig ( fig. 203). It may assume a variety of other intermediate 
forms. 

It should be observed that the term receptacle is sometimes 
applied to the extremity of the peduncle or pedicel upon which the 
parts of the flower are placed. This is, however, preferably called 
the thalamus. 


Fio. 206. 


Fig. 207. 



Fifj. 20G. 1‘ediincle ot the Lime-tree (Tilta europcea) attached to the biact, h. 
Fip. 207. Branch of Woo«lv Nightshade {Sohounu JJutcama/u). with 
evtm-axillary pedimele, and aiiriculate leaf. 


When plants which have no aerial stem bear flowers, tlie 
peduncle necessarily arises at the level of, or under, the ground, in 
which case it is called a scape or radical peduncle (fig. 200), as in 
the Spring Snowflake, Tplip, Hyacinth, Primrose, and Cowslip. 
The scape may bear either one flower as in the Tulip, or seveial 
flowers as in the Hyacinth. 

Forms of Peduncle.— In form the peduncle is generally more 
or less cylindrical, but besides the departure from this ordinary 
appearance exhibited by the receptacle just described, and its 
modifications, it frequently assumes other shapes. It may become 
more or less compressed, or grooved in various ways, or excessively 
enlarged^ during the ripening of the fruit, as in the Cashew-nut ; 
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or it may assume a spiral character, as in VaUiweria { fig, 205) 
other modifications also may occur. 

Sometimes the peduncle, or several peduncles united, may 
assume an irregular Hattened appearance, somewhat resembling the 
fasciated branch already described, and may bear numerous flowers 
in a sort of crest, as in the Cockscomb, and in the Cauliflower, where 
tlie united fleshy branches of the peduncle form a rounded mass 
bearing on its upper paiii abortive flowers. 

Iiiaerfion. -In speaking of the branches of a stem, wo found 
that in some cases, instead of arising in the axils of leaves, they 
become extra -axillary in consequence of adhesions of various kinds 
taking place between them and the stem and other parts. In like 
manner the peduncle may become extra- axillary by contracting 
adhesions. In the Lime-tree (fig. 200) the peduncle adheres to the 
midrib of the bract, ft, for some distance, and then becomes free ; 
while in many Solanacetr, as in the Woody Nightshade {fig. *207), 
the peduncle becomes extra-axillary by forming adhesions to the 
stem or branch in various ways. 

AVe may now proceed to describe the chief forms of inflores- 
cence belonging tQ the three kinds already mentioned. 


Indefinite or liacemose Inflorescence, 

Tliis form has been named hotryoae by Eichler, a term 
which, however, does not seem preferable to the older name 
racemose. As we have said, in this variety of floral arrangement 
the main axis is never tenuinated by a flower, but continues for a 
considerable time to give off flowers just behind its apex. In most 
cases the axis is elongated to a greater or less degi*ee, and, "as from 
the mode of development the oldest flowers ai’e farthest from its 
apex, their order of expansion is arropetal or ascending. In 
otlier cases the axis becomes conical, flattoiied, or even concave 
at its summit. The gi’owing apex is then at the summit of the 
cone or lies in the centre of the flattened portion. The youngest 
flowers consequently appear in that position and the oldest ones 
a^e at its periphery. The order of expansion is in these cases 
said to be rentripetaJ. 

A number of flowery beiug thus developed upon an elongated, 
shortened, or dilated peduncle, several varieties of this kind of 
inflorescence exist, depending upon the extent to which the floral 
axis branches, the comparative lengths of the flower-stalks, or 
their complete suppression, and other subordinate circumstances. 
The chief fomis may be described under three heads : first, those 
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which have an elongated primary axis ; second, those in which 
the primary axis is shortened ; third, those in which it becomes , 
dilated and fleshy. The first two may be furtlier subdivided into 
simple and compound types, the former including those in which 
the main axis produces flowers only, the latter those in which it 
develops secondary peduncles on which several flowers arise. 


A. Forms possessing an Elongated Primary Axis. 


Fw. 208. 


1. SIMPLE FORMS. 

The simple forms of this class include the Raceme and the 
Spike, with their varieties. 

a. The Baer me. —This is the simplest inflorescence of the 
indefinite type, and from it the name racemose is derived. The 
elongated peduncle bears a number of flowers in acropetal suc- 
cession, each being furnished with 
a pedicel. When fully formed the 
pedicels are nearly of equal length. 
Examples of it occur in the Curi’ant. 
Mignonette, Hyacinth, Laburnum, 
Barberry, Fumitory, &c. Such a 
form is seen in fig. 208, the raceme 
of a species of Pruniis. It will be 
noticed that the flowers at the lower 
part of the peduncle are full,\ ex- 
panded, while those at the apex are 
still in the condition of buds. The 
acropetal order of expansion is there- 
fore easily observable. 

b. The Corymb . — This is a variety 
of the raceme, in which the pedicels, 
instead of being of nearly equal 
length on the peduncle, are of differ- 
ent lengths (fig. 209), those {a'\ a") 
at the base of the primary axis a’ 
* being longer than those towards aiid 
at the apex, so that the whole form a 
Examples maj: be seen in some species 
of Prnmis {fig. 209). It frequently happens that after flowering 
the primary axis elongates, and the corjunb becomes a raceme ; 
this may be seen in many Cruciferous plants, such as the Wall- 
flower or Stock. 

c. The Anthela.— ln several species of Jiincus and Lunula 



Fig. 208. Raceme of a species 
of Cherry {Primmt Padus). 


level, or nearly level, top. 
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the pedicels of the lower flowers are so long that tliey are elevated 
above the upper ones. The form of the inflorescence so becomes 
concave on the upper surface. This variety is knowji as the 
antliela. 

d. The Spike , — This differs from tlie raceme only in the 
flowers being sessile on the main peduncle ; or if there arc any 
pedicels, they are so sliort as to be indistinguishable without re- 
moving the flowers from the axis. Examples of it may be seen 
in the Rib-grass (Jiij. 211) or the Vervain {fitj, 212). 

There are four kinds of indefinite inflorescence which arc 


Fig. 200 . Fig. 210 . 



FUj. 209. Simple corymb of a bpeoicb ot Friinus (Cemtus). a. Primary 
axis, bi'Hriiig bractw, &, &, fioni the axis of which pedicels, arise. 

/'///. 210. Compomid or bmuchiiig corymb of tlic Wild Service tree 
(P^rns tormiualis). a’. Primary axis. Sec«)iidar.v axes, a"', it'''. 

Ternary axes. &, b, b. Bracts. 

moditications of the spike. The.se are the Amcniiim or Caihin. 
the Spadix, the Loemta or Spikelcf, and the Strobile. 

^ c. The Aiaen^in or Catkin — This is a kind of spike which 
usually bears ^onosporangiate flowers— that is, only staminato 
214), or only pi8til||ite {fly, 215) ones. The axis or rachis is 
usually of a very weak character, so that the catkin is pendulous. 
The flowers of an amentum are also usually separated from one 
another by scaly bracts. The staminate catkins commonly fall 
ofl ill one piece, soon after the process of flowering. The bracts 
have in some cases one flower and in others several in their 
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axils. ^Ul planth with this kiud of inHoresceDce are called 
amentaceous (T amentiferous. Our trees afford numerous ex-# 
aiiiples, as the Oak, Willow, Birch, and Poplar. 

f. The Spadix is a spike with a succulent axis in which the 
individual flowers ha\c no special bracts, but the whole inflores- 
cence is enclosed in that variety of bract which is called a spathe. 
This is well seen in the Cuckoo-pint (jig, 200), where the spadix 

Pig. 211. Fio. 212. Fio. 213. 


211. Spike ol a Bpecies of Rib-gn^rf (Planlavv). />//. 212. Spike of 

Vervain {^Vefheno). Fig. 213. liiflorcseeuce of Wlicut (Tnlivum 

i'nl(tare\ cuusistiug of Liiiuicroub Hesmlc spikelets urraiigecl ou uii eloiig.-ited 
IhhIuucIc {I'achh). 


included in the spathe bears stauiiuate and pistillate flowers, the 
latter being nearest its base. The ternj spadix is also usually 
applied to a succulent spike, whether enveloped in a spathe or 
not, as in the Sweet Flag (Acorns Calamus), 

g. The Locusta or Spikelet . — This name is gi^en to the 
ultimate branches of the inflorescence of Grasses (jig, 202) and 
Sedges. In the Grasses it is a spike with a few flowers, and 
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these destitute of a true calyx and corolla, their place being 
> occupied by or pahs (fig. 20‘2, pity pi)y and the whole 

inflorescence surrounded at the base by one or two empty bracts 



{glnmeii)y gU gl. These spikelets may be either sessile on the 
elongated peduncle or rachis, as in the Wheat (fig. 213), or they 
may be placed on a more or 
less branched axis, as in the Pig. 216. 

Oat (Jig. 220). 

h. The Strobile . — This is 
a kind of spike formed of per- 
sistent membranous bracts or 
scales, each of which bears at 
its base a pistillate flower. It 
is seen in the Hop (fig. 216). 

2. COMPOUND FORMS. 

Fig. 21C. Strobile of the Hop 

Tlie eom’pound, forms of . L«i,uius). 

tha racemose type of inflor- 
escence include all the modifications of those already described 
in which the main peduncle bears secondary peduncles instead of 
single flowers in the axils of the bracts. The following are the 
chief varieties. 

i. The Pajiirle . — This is a compound raceme, or one in which 
the secondai-y peduncles bear racemes (fig. 217). The secondary 
axes may themselves branch in the same way as the primary 



112 


MANUAL OF BOTANY 


one and form tertiary axes, &e., the ultimate 8ubdi\'isions of 
which bear tlic tiowers. For an exjunple wo may take the Yiicci!^ 
ghriemt. 

Sometimes the ultimate racemes are represented h\ spikelets, 
as in the Oat {Jig, 220). 

k. T/tc Compound Conjmh, -This iiuiy he seen in some 
species of Ffjrus {Jig, 210). It is sometimes called a pankled 
corymb. It differs from the panicle as the corymb dillers from 
the raceme. 

l. The Compound Spike. - An instance of this is seen in the 
Wheat and certain otlier {grasses. 



m. The Compound Spadi.i\ — This form is seldom met with, 
as the spadix does not often branch. Instances may be seen in 
the ralms (Jig. 218). 

B. Forma poasesaing a Shortened Primurg A, cis. 

Of these we distinguish* the simple *and the compound 
Umbel. 

n. The Umbel. — When the primary axis is shortened, and 
gives off from its apex a number of secondary axes or pedicels of 
nearly e(pial length, each bearing a flower, an umbel is formed, 
as in the Onion and Cowslip {Jig. 222). When the secondary 
axes themselves divide, and fonn tertiary axes, which are also 
arranged in an mnbellate manner, a compound umbel is pro- 
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dnced. This is seen in the Carrot {fig. 195), the Fennel (fig. 
221), and other allied plants, which are hence called inn belli - 
^crous, and give the name to the Natural Order XJmhelliferip. 
In the compound umbel (fig. 221), the primary umbel a- is called 
the general nnihel, and the other umbels, 5, 5, fonned by the 
division of this, partial unthels or umhelluhH. When the base 
of the general umbel is surrounded by a whorl of bracts (fig. 

Fig. 218. Fio. 219. Fio. 220. 



Fig, 218. Branched spadix of a Palm (Vhanuvrop^). eiivcIope<l in a spatiie. 

/Vf/. 219. Inflorescence of Wheat (7WWc«;n vw/iTare), consisting of uume 

rous sessile spikelets arranged on an elongated p^uncle {rachU), 

Fiif. 220. Branched or ponieled arrangement of the spikelets of the Oat 
(Avenamtiva). 

• ‘ • 

195*, a), they constitute a general involucre : and if other bracts, 
5, 5, are arranged in a similar manner around the partial umbels, 
each of these whorls of Ibracts forms an mvolUcel or partial 
involucre. These varieties of arrangement have already been 
alluded to when speaking of bracts. 

When an umbel springs laterally from a stem in such a way 
that there is no primary peduncle at all, it is sometimes 
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called B, fascicle. It must not, however, be confused with the 
fascicle which is a variety of the polychasinni (page 1‘20). 


Fig. 221. 


Fig. 222. 



Fig. 223. 


C. Forms mith a Dilated Fleshy Axis. 

These can be seen to be constructed in the same way as the 
'erne. In the latter tlie main axis is a very much elongated 

cone, and each flower or 
branch is subtended by its 
bract. In the simplest 
forms of the flattened type 
the cone becomes very 
much shortened and 
dilated at its base, so that 
the order of expansion of 
the flowei’s is centripetal 
rather than acropetal. In 
the more complicated ones 
the conical form, hy the 
still further dilatation of 
the hasal region, becomes 
converted into a flattened 
or even cup-shaped recep- 
tacle. The bracts of the 
lower portion of the axis 
may be aggregated to- 

Fig, 228. Oapitttiain of Scabiooa gether at the base of the 

The outemoft florets may be observed , , . 

to be more expanded than the inner. receptacle and form an 
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involucre. In many cases, however, they are suppressed en- 
tirely. Of this form of inflorescence we have three varieties, the 
capituliim^ ccenantlimm^ and the hypaniliodium, 

o. The Ca2yitulum, Anthndimn^ or Head, — This inflores- 
cence is usually formed by a number of sessile flowers or 
florets crowded together on a receptacle, and the whole sur- 
rounded by an involucre (jig. 223) ; but in some cases the 
florets are few in number, while from other capitula the 
involucra are absent. The receptacle, as we have seen, may be 
either flattened, as in the Cotton Thistle {jig. 224) ; or slightly 
concave, or slightly convex as in the Dandelion ; or conical, as 
ill the Chamomile. 

Fm. 224. 



/'ly. 221 l^apltulum of Cotton Thistle {Onopordion Arnnthium). 


The capitulum is the universal form of inflorescence in 
plants of the Natural Orders Cornposifce &nd Dipsaceee ; it also 
occurs occasionally in some others. 

p. The Ccenanthium. — When, as in Dorstenia (jig, 226), 
tl^e receptacle is nearly flat, but its nmrgins are slightly cur\^ed 
upwards, and the flowers very minute and embedded in it, we 
have a form which has been termed a ccenanthium, 

q. The Hypanthoaium, — This form is shown in the Fig 
(jig, 225). The receptacle, which is conical in the capitulum, and 
is slightly concave, with tumed-up rim, in the ccenanthium, in 
the hypanthodium becomes a hollow cup, almost or completely 
closed at the apex and having the flowers arranged aU over the 
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inside surface. The involucre, which is so prominent a feature 
of the capitulum, is absent from the hypanthodium. 

Many of tliese types are found to merge into each otlier, and 
the identification of some forms becomes difficult. TJie only 
difference between the spike and the raceme being one of 
length of pedicel, and this being a veiy variable part, it is 
evident that the line, of classification becomes somewhat arbi- 
trary. The inflorescence may change its character as it grows 
older, as has already been pointed out in the case of the corymb. 
Difl&culties of identification also sometimes arise in consequence 
of the modification and suppression of bracts, and various distor- 
tions that may occur during growth. 


Fig. 225. Fig. 226. 



Fig. 225. Hypautbodiuin of the Fig 
{Ficus Carica)j sbowing pcar- 
sliaped fleshy reooptncle bearing 

flowers on its inner surface. 

Fig. 22G. OoeuHTithiinn of r sfiecies 
of Dorsteina. 


Definite or Cymone Ivflorcscencr. 

In all kinds of definite inflorescence the primary axis, as we 
have seen, is ajrrested in its growth at an early age by the 
development of a teniiinal flower-bud. If the axis bears no 
other flower, this is called a solitary terthinal flower, and is 
the simplest form of this variety of inflorescence. Flxamples of 
it may be seen in the Stemiess Gentian {fiy, 228), and in the 
Wood Anemone. When other flowers are produced on sucli an 
axis, they must necessarily arise from axillary flower-buds 
placed below the terminal one ; these form secondary 
axes {Jig. 227, a'}, each of which in like manner is ter- 
minated by a flower-bud, f ' ; if further axes, are developed 
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from the Becondary ones, these also must be axillary, and 
in a similar manner in flowers,/"'; these axes may 
also form other axes of a like character, and so on. Hence 
this mode of inflorescence is definite^ determinate^ or terminal^ 
in contradistinction to the former or iudeflnite mode of 
inflorescence already described, where the primary axis con- 


tinues to grow in length, and 
never ends in a flower. 
Definite inflorescences are 
most common and regular 
in plants with opposite or 
whorled leaves, but they also 
occur in those which have 
alternate leaves, as may 
be seen in the species of 
lianunctdus (fig. 227). In 
definite inflorescences the 
flower-buds necessarily fol- 
low a different order of 
expansion from those of 
indefinite inflorescences. In 
them the terminal flower is 
the oldest and conseiiuently 
the first developed {)ig. 227, 
f), and other flower-buds 
are produced in succession, 
either from the apex towards 
the base of the plant, if the 
axis is elongated,/"/'"; or 
from the centre towards the 
circumference, if it is short- 
ened or dilated. The upper- 
most flower-bud of the elon- 
gated primary axis (fig. 227, 
/O, and the central one of the 


Fio. 227. 



227. A plant of lianunculus bulbosuR. 
a'y a'. Primary axis termiuatcMi by a fully 
expandc^l tlower, a”. Secjoudary axis, 
which Is also terminated by a flower,/", 
not so fully developed as./’, a"'. Tertiary 
axis, terminated by a flower-bud, /"', 
which is less developed than/' and/". 


shortened or dilatdfl axis, open first ; *nd the expansion of the 
other flower-buds proceeds in succession downwards, or towards 
the circumference, according to the character of the primary 
axis. Such an order of expansion is called centrif ugal. Hence, 
while the indefinite kinds of inflorescences are characterised by 


an acroj^etal or centripetal order of expansion, those of definite 
inflorescences are centrifugal. The name cyme is given to 
many-flowered inflorescences of this type. 
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A. Forms of Cymose Inflorescence with no Pseud-axis, 

a. The Solitary Temnnal or Axillary Flower , — The siniplesU 
kind of inflorescence of the cymose type is that presented by 
such plants as the Pimpernel {fly, 191), in which sohtary flowers, 
6, b, are developed in the axis of what are commonly regarded 
as the ordinary foliage leaves of the plant, a. The primary 
axis of the plant bears thus several secondary axes, each ending 
in a flower, which is therefore axillary when considered in 
relation to the primary axis, but terminal as regards the 
secondary one. The main axis itself terminates in a flower 
in the cases of the Gentian {fly. 228) and the Anemone 
already alluded to. When such flowers are arranged in whorls 
round the stem, as in Hippiiris, each flower being in the axil of 
a leafy bract, they are said to be whorled {fly. 229). 

Fig. 229. 


Fiijf, 228. Solitary terminal flower of Gf'tUiana 
ncaulis.——Fig. 220, Wliorletl leafy bracts 
and solitary axillai’y flowers of Mare’s Tail 
{Ilippurh rulyans). 

b. The Dichasilun, — In tliis variety the main peduncle is 
terminated by a flower, and some little distance behind the apex 
two opposite bracts occur, from the axil of each of which 
another peduncle arises, tonninated in like manner by a flower. 
Each secondary peduncle in like manner gives rise to two more 
flowers. This order of development may bo continued for some 
time, an inflorescence of considerable size resulting, as in 
Erythrwa Centaurium (fly, 281). Very frequently the axes of 
high order give rise to only one flower instead of two, the other 
with its bract not being developed. The dichasium, from the 
regularity of its forking, is sometimes called a false dichotomy. 
It can be distinguished from a true dichotomy by the presence 
of a flower in the angle of the fork. 
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A diagram of the dichasiiim is given in figure 234 a. 
c. The Polychaaiiiju,— This diners from the dichasium only 
in having more than two secondary axes springing from each 
peduncle below its terminal flower. Frequently the primary 
terminal flower is suppressed, so that the secondary axes 
appear to originate at the apex of the main peduncle without 
reference to a flower. The true nature of the inflorescence can, 

Fig. 230. Fig. 231. 



if/. 2HU. Diuliaslal oyiue or diebabinm of a species of C^rasltum. a. Primary 
axis tormiuated by a flower, a", a". Secondary axes, two in number, aris- 
iiip from tlie axils of opposite bniots, &, 6, and terminated also by flowers, 
o'", rt"', rt"', o'". Tertiary axes, four in mimlier, arising from bracts, h, 
and bearing other bracts, 6, frt>m which the quaternary axes, eight In 
number, arise, a"", a'"', <i"". The flowers are more developed on the 
primary axis tlian on the other axes ; thus the one terminating that axis 
is in the state of fruit ; tlie flowers of the axes of a" and a'" are also in 
fruit, but less dovclopetl than that of a\ while in the axes a'*" the flow-ers 
only are expanded. Ftff.2dl. Dichasial cyme or dichasium of the Cen- 

taury {Enithraia Centaurium). a', a'\ a'", Floral axes. 
f". Flowers terminating those axes respectively. The flowers will bo 
observed to be most developed in proportion to their age ; thus/' Is in the 
state of fruit ; expanded : and tlie others still in bud. 


however, be seeu from the fact that the order of expansion 
of the flowers is centrifugal. Examples can be seen in the 
Launistimis 232), and others. 

A good deal of complication often arises from suppression of 
the bracts, or from distortion due to condensation of the inter- 
nodes or to irregularities in growth. An example of this kind 
may be foimd in the inflorescence of the Sweet William, a 



120 


MANUAL OF BOTANY 


member of the Carijojphyllacece. This has been called a fascicle. 
In it the successive axes are developed so as to bearitheir dowers^ 
at the same level, forming a flat-topped cyme, which super- 
ficially resembles a corymb. 

Fi«. 23*2. 



Fig. 282. Polycbaslal cyme of LaurustmuB (F/dMrwwm Tinut). 


d. The Cyniose Umbel , — This differs from the polychasium 


in having the main axis as long 


Fio. 233. 



Fig. 233. Diagram of Verfciclllaster, 
a, a\ rt-*, a\ sncceshive axes, eacli 
terminated by a flo>\er. The 
dotted lines indicate the imsitioiiH 
of the BTippresBed branch of each 
axis. ® 


), or longer than, the secondary 
ones, a number of which arise 
some little distance below its 
apex. The secondary axes do 
not give rise to tertiary ones, 
so that the form of the true 
or racemose umbel is simu- 
lated. The order of expan- 
sion of the flowers reveals its 
true nature. Examples are 
seen in the Pelargoniums. 

c. The VcrticillcLster , — 
This is a very much con- 
densed cjyme, the flowers of 
which have very short pedi- 


-cels, and therefore appear 
almost sessile. The first axis giv^s rise to two branches, 
but the latter and their succeeding branches generally bear only 
one each (Jig, 288). The whole verticillaster appears much like 
a cluster of sessile flowers. Instances of it are afforded by most 
plants of the natural orderLa6tfff<p,wliich bear two such cymes 
in the axils of opposite loaves, so that the flowers appear to 
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surround the stem. A pair of such axiUary cymes is sometimes 
^called a glomerule {Jig. 190). 


B. Fonna of Cgnioae Inflorescence with a Pseud-axis. 

These can be understood by a comparison of them with the 
dichasium (fig. 234). Instead of the main peduncle bearing two 
bracts each with a secondary axis in its axil, only one is produced, 
the other being suppressed ; this secondary axis behaves like the 
primary one, bearing only one tertiary axis. This mode of 
development may be continued for some time, and thus, by the 
coalescence of the parts of the successive branches below the 


Fio. 234. 



fc-ympodium is indicated by the thickened liuca. D reprejsents the con- 
dition of C after growth has straightened tlie 83 mpodiuin. 

bract which each Bears, a central axisi or rather pseud-axis, is 
produced, which is at first zigzag or curved in shape, but which 
frequently becomes straightened during subsequent growth. 
This kind of inflorescence is called a sywpodial cyme. 

The bracts of the suppressed axes are generallynot developed, 
but can occasionally be found. In any case the true nature of 
the inflorescence may be ascertained by noticing the relation of 
the bracts to the flow'ers. In the raceme this relationship is 
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unmistakable ; in the sympodial cyme a bract appears opposite 
to the dower upon the axis; this showing that the ilower is^ 
really terminal, and the portion of the axis between it and the 
bract is a part of a sympodhmi (jig, 235). 

When development is normal each tiowcr is subtended 
by a bract ; that is, it arises in the axil of the latter. 

We can distinguish two forms of the sympodial cyme, 
f. The Helicoid Cyme . — This form is produced when the 
suppression of the successive axes takes place on the same side, 
causing the sympodium to be curled up in the manner of a helix 


Fig. 235 . 


Fig. 236 . 



Fig. 235. lnst«uc€6 of helicoid cymea (after Gray). Tlic succebaive axes, 
a\ a“, drc., are each terminated by a flower, aud each arisea on the aiitu- 
cjedeut axis iu the axil of a bract. In the figure on the right, both bract 
and secondary axis are suppressed continuously on tlie right-hand side. 
In the flgnre on the left, b(jth bracts are represented, and the axis wlucli is 

suppressed is indicated by a dotted line. Fig. 236. Helicoid cyme of 

tlK? Porget-nie-not ( JUgosotis palustris). 


(fig, 234, B). The successive axes may be developed in a plane 
at right angles to that obthe main peduncle ^and its first branch, 
or in one which is parallel to it. Eichler distinguishes the latter 
under the name of the drepani urn. 

Examples of the helicoid cyme may be found in many 
Boragiria^'cce, as the Forget-me-not (jig. 236) and the Comfrey 
ijig.2dl). 

g. The Seorpioid Cyme . — In this fonn, instead of the 
branches being suppressed uniformly upon tlie same side of the 
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dichasium, the suppressiou takes place on the two sides alter* 
^lately {fuj. 284, C, D), Subsequent growth generally causes the 
sympodiuiij, which is at first zigzag in form, to become strai^t. 
The parts of each axis above the insertion of the branch remain 
weak and are displaced laterally, causing the inflorescence to 
simulate the raceme, from which,how'ever,it can be distinguished 
by the position of the bracts, as already described. 

As in the last case, the branches may arise in the plane of the 
original dichasium, or in one at right angles to it. Eichler dis- 
tinguishes the fonner under the name of the rhipidium [fig. 288). 

The acorpioid cyme may simulate the corymb, as in the 
figure last referred to, where the lengths of the successive axes 
are such as to bring the jflowers to the same height. It can be 


Fig. 237. 



Fig. 287. Helicoid cyme of Comfrey {S^mphylum oj^dnale). 


distinguished from the true corymb by the position of the bracts, 
and by the originally zigzag shape of the sympodium. Some- 
times the bracts arc not developed, when it becomes very diflicult 
to determine the trufe composition of th^p inflorescence. 

Tn stances of the scorpioid cyme are found in the Sundew 
{Drone ra)f the Rook-rose {Heliantimnujn), &c. 


Mixed Injiorescemes. 

This kind of inflorescence is by no means uncommon. The 
term is applied to such collections of flowers as show a con- 
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junction of both the types already discussed. Various degrees 
of complexity can be found, of which the simplest occur whei^ 
the general inflorescence develops in one way and the partial 
or individual inflorescences in the other. Iji some plants of 
the natural order Compoaitet (fig, 239), the terminal capitulum 
is the first to expand, and the capitula, as a whole, are therefore 
developed in a centrifugal manner ; while the individual capitula, 
as we have seen, open their florets from the circumference to the 
centre, or centripetally ; hence, here the general inflorescence 


Fio. 238. 


Fio. 239. 


Fio. 240. 



Fig. 236. Diagram o( tlie Khipidiiim. The succehsive uxuh are uiarkfl «, a\ 
a",&c. The basal portions of each being thicker than the rest, a sym- 
podium of z\g7M.g form resulte, as seen in the centre of the figure. The 
order of expansion is seen in tlic lower figure as viewed from above.-— - 
Fig. 239. Mixed infloreBoenoe of a species of Senecio. —Ftg. 240. Figure 
of thereversed raceme (after Gray). 


is definite t and each ^lartial inflorescence indefinite. In the 
Lahiatce we have the contrary arrangement, for the individual 
verticill asters open their flowers centrifugally (^*^.233), but the 
general inflorescence is centripetal. 

The following forms also illustrate mixed inflorescence, 
a. The Reversed Bacern^, — This, though of the cymose type, 
is arranged somewhat like the true raceme, inasmuch as the 
main axis is stronger than its branches, but these are tlcveloped 
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basipctally upon it {Jig. 240). The oldest tlower terminates the 
^ain peduncle, two younger ones arise from the axils of the 
uppermost bracts, two still younger ones form those of the 
next pair, and so on for a variable distance down the axis. 

The ultimate cymes of apolychasium often assume this form 

‘ ‘ Fig. 241. Fio. 242. 



Fig. 241. Mixed panicle of tlie Privet {Ligmtnnn vulgaro). a'. Primary 
axis, a", a". Secondary axes, a"' a'". Tertiary axes, c, c. The central 
flowers of the respective clusters, wiiich are seen to he in a more expanded 

state than tliose surrounding or below them. Fig. 242. Thyrsus of 

Vine. 


b. The Mixed Panicle, — This is a compound inflorescence in 
which the main axis is racemose and the secondary ones are 
irregular. A great many cases occur which a repeatedly 
branching inflorescence of the panicle type changes its mode of 
forming branches in its iatter ramifications. In the panicle 
of the Privet ( Jig- 241) we have the two methods illustrated. 
The main axis is racemose in its general arrangement, but it 
bears a terminal flower ; the secondary and later axes are re- 
versed racemes. 

c. The Thyrsus, —This is somewhat more regular than the 
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mixed panicle, which it resembles in having the main axis 
racemose. The secondary and later ones are cymosc, and tho 
snccessive branches are so disposed that the cluster is narrower 
at the apex and base than it is in the centre, having thus almost 
'the shape of a double cone. Examples are seen in the indo- 
rescence of the Lilac and the Horse-chestnut. An almost com- 
pound thyrsus is seen in the Vine {fig, 242), 

Light is often thrown upon the construction of the forms of the 
infloresc^ce by the study of the phyllotaxis of the plant. The 
racemose types are found associated with both verticillate and 
alternate leaves, but the generally marked acropetal development 
makes their interpretation easy. More difficulty is found in analys- 
ing some of the cymose forms. The dichasium most frequently 
occurs together with verticillate, and particularly with opposite 
decussate leaves. A polychasium may result from the suppression 
of alternate internodes, the result being that, instead of two, four 
axes- of the dichasium arise together, the two younger being at right 
angles to the two older. In the Elder (Samhiict^) there are 
apparently five such axes, springing from the same point, thus 
simulating an umbel. The five axes consist of the primary one and 
two successive pairs, which are severally somewhat distorted in 
growth; each axis bears several subordinate ones, which may be 
similarly arranged, and each ultimately bears several flowers. 

In some helicoid cymes, the flowers, which are seated on the 
convex side of the cui ved sympodium, arise in two ranks instead of 
one. This has been explained as a unilateral raceme, but there 
appears" to be little doubt that its true nature is cymose. The 
appearance of two ranks of flowers is explained by Eichler on the 
ground of antidromy. The phyllotaxis in such cases is spiral, and 
the genetic spiral, instead of passing regularly from right to left 
round the axis, becomes reversed in the successive parts of the 
sympodium, travelling in the first from right to left, in the second 
from left to right, and then again reversing its direction. Examples 
are seen in many of the Boraginac^cB. 

It is held by some botanists that in a few of the plants of the 
last-named Natural Order, where the inflorescence is apparently a 
helicoid cyme or a unilateral raceme, the brabching of the successive 
axes is not lateral but dichotomous, the gi’owing point of each axis 
after the first dividing into two equal parts ; one of the resulting 
branches speedily terminates in a flower, while the other again 
dichotomises, 

3. THE FLOWER. 

The term flower may be applied to any shoot which is spe- 
cially modified in connection with spore -production. The term 
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is usually, but erroneously, restricted to the Phaiieroj,^aiiis, 
in which this modification results in a structure generally of 
peculiar form and often of great beauty and fi*agrance. Flowers, 
however, of a lower type of complexity than these can be 
recognised in the P 1 (rido- 2 ^hyta. The common Horsetail 
{E^in«etnw) has its sporangia arranged upon a number of pel- 
tate sporophylls which are aggregated in the form of a cone at 
the apex of certain shoots (fig. 248). These constitute a flower 
which resembl'es the cones or flowers often found in the group 
of Phanerogams knowm as Gymnospcrms (fig. 244|. Similar 
arrangements are found among the Lycopodinep, or Club-mosses. 
In the so-called flowering plants the flowers are the ultimate 
branches or shoots of the inflor- 
escence. They consist usually 
of an axis bearing leaves, of 
which some are sjiorojiliylU and 
bear the sporangia, others are 
perianth leaven and have only 
a function subordinate to the 
former. The apex of the axis 
itself sometimes constitutes the 
flower, .as in the Yew-tree, where 
particular branches bear at their 
apex a terminal megasporangium 
or ovule, which is not protected 
by any foliar structures. In a 
few cases some of the sporangia 
are borne by the axis, and others 
by the sporophylls, as in the 
PolygonacecBf the Bock family. 

The axis here terminates in a 
megasporangium much as in the Yew, but this is covered in by 
a foliar outgrowth called the ovary. Lower dowm on the axis 
are certain sporophylls, the stamens, which bear the micro- 
sporangia, while below these again are certain perianth leaves. 

The phyllotaxis df the flower, like that of the vegetative shoot, 
may be either alternate or whorled. In the former case the 
leaves describe a spiral round the axis ; in the latter they form 
generally four definite wlforls or seiies. Instances of the former 
may be seen in the flowers of Pimes and other Conifers, and 
among the higher plants in the Water-lily. 

Spiral phyllotaxis is most usual in the Gynmosperms, and 
whorled in the Angiosperms. 
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Jn one of the most highly organised of the tiovvors of the latter 
group we can recognise four whorls of leaves arranged upon an^ 
axis or thalamus. Usually the thalamus is terminated by the 
ultimate whorl of leaves, but in some cases it grows out beyond 
it, and may then bear a number of ordi}\ary foliage leaves. 
This* is, however, regarded as altogether abnormal, and only 
occurs in consequence of some disturbance of nutrition. The 
intemodes of the axis betw'een the whorls of leaves are usually 
but little developed, so that the latter are very closely pressed 
together. 

The lower two whorls of leaves constitute the perianth, and 
do not bear sporangia. The other two are sporophylls, and bear 
microsporangia and megasporangia respectively. 

The most external of the perianth whorls is known as the 
calyXf and its leaves are called sepala. They are usually green 
and commonly sessile ; they resemble foliage leaves in 
structure and sometimes in appearance ; they are protecti^e in 
function. 

The second whorl is the corolla^ and its leaves are petals. 
They are generally brightly coloured and delicate in texture. 
In many cases they are stalked, when the stalk is termed the 
clawy and the blade the limh. 

In some flowers the calyx and corolla are ^^ery similar in 
appearance, being either green or sepahid, or coloured or 
petaloid. In a few cases they stand so closely together that it 
is difficult to see that there are two whorls present. In such 
cases it is usual in describing the flower not to speak of calyx 
and corolla, but to make use of the tenn perianth without 
distinguishing its constituent wdiorls. 

The third whorl is made up of the first set of sporophylls, 
and bears the microsporangia. This whorl is generally called 
the andrcecuim, and its separate parts are stamens. These 
leaves are much modified in form, consisting of an upper 
swollen portion, the anther, supported upon a somewhat slender 
stalk or filament. The anther is sometimes sessile, the filament 
not beifig developed. Each anther usually^ contains either two 
or four pollen-sacs, or microsporangia, in w'hich are developed 
the microspores or pollen -grains. 

The final whorl, which usually tenninates the axis, is known 
as the pistil or gyncedum. The sporophylls of which it is 
composed are called carpels, and may be distinct from each other 
or united in various ways to form a solid body. The Butter- 
cup and the Poppy are instances of these cases respectively. 
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Each carpel, or the body formed by their union, consists of a 
Jiollow inferior part, the ovanj, and a terminal sticky portion, the 
siifjma. The stigma is sometimes sessile on the ovary, but is 
generally separated from it by a slender stalk-like portion, the 
afljLc, The megasporangia or ovules are developed in the in- 
terior of the ovary, generally arising from a fleshy development 
of the edges of the carpel known as the jfjZacevita. Sometimes 
the placenta is borne upon the axis, and not upon the carpel. 

The true nature of the union of the carpels with each other 
will be discussed in a succeeding section. 

It is customary to regard the carpels as sporophylls, even in 
tljose eases in which the inegasporangia really spring from the 
axis, wliich in these cases protrudes into the cavity of the ovary, 
as in the Pohjtjonacece^ already mentioned. Other instances of 
this are found in the Primulacece^ the Primrose family. 

Other structures are occasionally to be met with in certain 
flowers. In some of the genera of the Boraginacece and the 
CanjophyllacecB a scale or liyule is found at the junction of the 
claw and the limb of the petals {Jigs. 908 and 827). In the 
Datibdil {Jig. 828) these scales or ligules are coherent together 
and form a tubular structure known as the corona. Many 
flowers . contain certain bodies which excrete a sugary liquid. 
These are called nectaries. They have no definite position like 
the parts already described, but may arise from the meta- 
morphosis of various structures. Certain foHaceous scale-like 
bodies known as staniinodes may be found in some flowers. 
They may be of various shapes and sizes. These are always 
formed by the metamorphosis of a stamen. 

Sijmmeiry of the Flower, 

The term ‘ symmetry ’ has been variously imderstood by 
diflerent botanists. It was formerly usual to describe a flower ' 
as syimnetrical when all the whorls of its members have an 
equal number of paii/S, or when the parts of one whorl are a 
multiple of those of •another. Such a ^oVer is preferibly to 
be described as isoinerous. In some species of Cransula 
{Jig, 245) we have a flower composed of five sepals, five petals, 
five stamens, and five catpels; in Sedani {Jig, 246) wo have 
five sepals, five petals, ten stamens in two whorls, and five 
carpels; in the Flax we have five sepals, five petals, five 
stamens, and five carpels, each of which is partially divided into 
two by a spurious dissepiment {fig. 421) ; in Circcea {fig, 247) 
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we have two members in each whorl ; in the line ‘282) we 
have four or five sepals, four or five petals, eif^ht or ten stamens, 
and a fonr- or iivc-lobed pistil ; and in the Iris there are three 
members in each whorl. When the number of parts in each 


Fnf. 245. Fid. 24f>. 



Ftij, 246. Flower ol CrasMilu t nh ua. r, c. Sepals. p,i>. Petals, e, e, e. 
Stamens, o, o. (tarpel'', at the hu'.e of tiacli ot wUioh is soon a scale, n, a. 
Fig. 246. Flow’or of a Snlum. 


whorl is not the same, or when the parts of the largest whorl 
are not a multiple of those of the smallest, the flower is ketero- 
meroiiSf as in Verbena^ where the perianth has five parts in 
each whorl, and the sporophylls only four. 


Fig. 247. 


Fio. 248. 



Fxg. 247. Diagraui of the flow er of Ctrciva. Fig. 248. Diagram of the flow or 

of iHaphylea jdiinala. 


In an isomerous sflower the number of parts is indicated by 
a Greek numeral prefixed to the termination ^meroits. A^hen 
there are two leaves in each whorl, as in Circoea {jig. 247), the 
flower is dimerous^ and the symmetry i| said to be binary or two- 
nmnbered. This arrangement is indicated by the symbol When 
there are three parts in a whorl, as in the Lily, the flower is 
trimerous, and the symmetry is ternary, trigonal, or bia'ngular ; it 
is indicated thus, When there are four parts in a whorl, as 
frequently in the Bue (fig, 282), the flower is tetra^nerous, and the 
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symmetry, which is marked y, is quaternary or ietragonal. When 
, there are five parts in a whorl, as in CrassiUa rubens (jig, 245), the 
dower is said to be pentanieroiis, and the symmetry, which is marked 
thus, y, quinary ox pentagonal. 

Of the above arrangements, the pentamerous is most common 
among Dicotyledons, although the totramerous is by no means rare ; 
w^hilo the trimerous is generally found in Monocotyledons. 


Although a ayininetrical flower, as above described, neces- 
sarily iniplicH that the parts of any whorl are equal to, or some 
multiple of those of all the others, botanists have gcnenilly agreed 
to call a flower symmetrical when the three outer whorls corre- 
spond in such particulars, -while the parts of the gyna^cium are 
unequal to them, as in Staphyleti pinna fa (Jiy. 284), where the 
three outer whorls aM^ pentamerous, while the pistil is dimer- 
ous. The gyniL oium, of all the organs of the flower, is that which 
least frequently corresponds in the number of its parts to the 
other "whorls. 

Hy most botanists; howexer, a flower is said to be symmetri- 
cal when it can be divided by any vertical section into two 
precisely similar halves, the diflerent halves produced by every 
such section being exactly alike. Snch flow^ors as those of the 
Lily, or Craanula (Jiy. 245), arc instances of this symmetry. A 
flower which is symmetrical in this sense is also called aeiino- 
mo rp flic. Flowers which can be divided by only one such 
section into two similar hahes axT called zygomorpUic. Such 
flowers are fomid in the Aconite, the Pea, the Dead-nettle, &e. 
The line through which the section must pass to bring about the 
result is called the plane o fsfimmetry; it may be ajitero-postcrior, 
as in the flowers mentioned ; or lateral, as ixi the Fumitory ; or 
oblique, as in sonic members of the Solanaccce, "When a 
division into two similar halves is not possible by a section in 
any plane, the flower is said to be asymmetrical. 

Various other terms are used in describing flowers, which 
will be best alluded to here. A flower is said to be complete 
whijn the four whorls— calyx, corolla, anTlrwcium,andgyn£ecinm 
— are present, as in the Rue {fig. 282) ; when one or more of 
the whorls is absent, the tjpwer is incomplete (figs. 255 and 256). 
When the parts of each whorl are uniform in size and shape, as 
in the Rue, the flower is regular ; under other circumstances it 
is irregular^ as in the Pea (fig. 303), 

In a normal arrangement of the parts of the flower^ the suc- 
cessive whorls alternate with each other, as shown in fig. 247 ; 

K a 
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the sepals are here alternate with the petals, the petals with 
the stamens, and the stamens with the carpels. 

AVe have seen that, when the leaves of the ^ cgctativc branch 
arc arranged in whorls, these whorls are developed in acropetal 
succession, and the leaves of any whorl arise in such a position 
as to stand over the intervals between the leaves of the whorl 
below it. As the flower is to be regarded as a moditied branch 
with verticillate phyllotaxis, its parts should be arranged upon 
the same jilan as those of the vegetative branches. The whorls 
being four, we can devise what may be called a typical flower, 
based upon this resemblance. Such a flow'er, therefore, should 
possess a calyx, corolla, andrivcium, and gymeciuni, each of 
which should be so arranged that its parts form but a single 
whorl ; the different whorls should consist of an equal number 
of members ; the parts of successive whorls should alternate 
with one another ; and the members of each should bo uniform 
in size and shape, and distinct from each other and from the 
neighbouring whorls. This normal or typical flower is, however, 
liable to various alterations, arising from several disturbing 
causes, which modify and disguise one or more of its typical 
characters. Some of these causes have been already alluded to 
in the description of the different organs of the flower, but it 
will be necessary for us to investigate them more fully here, and 
classify them for systematic study. 

The more important deviations of the flower from the typical 
character may be arranged under the following heads : — 

1, Irregularity of form in the members of one or more of the 
whorls. 

2. Multiplication of parts. 

d. Suppression or abortion of a whorl or part of a whorl. 

4. Displacement, or interference with the j*egular alternation 
of the whorls. 

5. Coalescence of the parts or members of a whorl with one 
another. 

6. Coalescence of the members of one whorl with those of 

another. '' 

7. Substitution of spiral for whorled pli \ llotaxis. 

B. Metamorphosis of parts of the ^ower. 

1. I irregularity of Form . — This is most commonly seen in 
the perianth whorls. A sepal or a petal may develop a spur or 
prolongation downwards from its base, as in the Larkspur or the 
Indian Cress (fig. 295). If only one such structure is formed 
the flower becomes zygomorphic. A great vai’iety of form of 
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both calyx and corolla is caused by unequal development of this 
• kind, and it will be convenient to reseiwe a detailed examination 
of the most frequently occurrinpf cases till we discuss these whorls 
in detail. Trre^larity of this kind is also fairly common in the 
whorls of the sporoidiylls. 

2. Adclif'ion or MulfipJirnftim of J^nrffi. — This may be con- 
sidered under two heads. 1st. The addition of one or more 
entire w’horls in one or more, of the floral cycles. 2nd. An in- 
crease in the number of parts of one or more whorls. The 
former is commonly called avgnientafion ; the latter, chorisis^ 
dcdvph’catioiif or vnlininr/, 

a. Avgrnentation, — The increase in the number of whorls 
may occur in one or more of the floral cycles. The Bar- 
berry {jig. 249) has two whorls of sepals, two of petals, and two 
of stamens ; in this flower, therefore, we have an addition of one 

Fig. 249 . Fig. 250 . Fig. 251 . 



249. Diagram n I the flower nf the Barbcrr\ (Jtifrhem). -Fig. 260. 

Diagram of the flriwer of the Poppy {Papavct\ Fig. 261. Diagram of 

the flower of Bnokthovii (Fhnninu$ raffiarticin ). 


whorl of members to each of the three external floral cycles. 
In the Poppy, we have a number of additional whorls of stamens 
{jig. 250). 

The increase in the number of the whorls is most common 
among the stamens. Very frequently there is one extra whorl 
intercalated here, that the stamens are twice as numerous as 
tlm sepals or petals. So constant is tTiis occurrence in Mono- 
cotyledons that many botanists regard two wdiorls of stamens 
as a normal feature of that gi*oup. Such flowers are said to be 
diphstewono^ia^ in contradistinction from those with one whorl, 
which are called uostemonona. 

The new whorl generally falls into symmetrical position with 
the others, being alternate with the outer stamens on the one 
side and the carpels on the other. Sometimes, as in Geraniacea 
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this alternation is not observed, and of the two wliorls of sta- 
mens the outer is opposite to the petals. This condition is* 
known as In such a flower the departure from 

typical symmetry, due to multiplication, is complicated by a 
further one of displacement. 

A curious arrangement of augmented stamejis is found iii 
the flowers of some Bosacpcp. There are in two species of 
Crafcpgns ten stamens arranged in a single w'horl ; they are 
not exactly opposite the sepals and petals, as they should be, on 
the hypothesis of the addition of a whorl of five to the androe- 
cium, but stand in pairs opposite to the sepals. In Ntittallia a 
third whorl of five is added, which are opposite to the petals. In 
other species, additional whorls of five each are present, making 
as many as fifty stamens in some flowers. 

b. Chorisis or Beduplicntion . — This is generally looked upon 
by botanists as another means of multiplication of the parts of 
a flower. It consists in the division or splitting of a member 
in the course of its development, so that two or more members 
are produced in the place of one. Chorisis differs from augmen- 
tation in the fact that it not only increases the number of 
parts, but also interferes witli their regular alternation ; for 
augmentation does not necessarily interfere with alternation, 
though it may obscure it wdien the i\umbevof additional parts is 
excessive, or when the whorls are crowded together. 

Chorisis may take place in two ways: either transversely, 
when the increased parts arc placed one before the other, which 
is called tJcr/icuZ, parnUeU or transverse chorisis ; or collaterally, 
when the increased parts stand side by side, which is termed 
collateral chorisis. 

Transverse chorisis is supposed to be of frequent occurrence. 
The petals of Lychnis {fig. 827, a) and many other Caryo- 
phyllaceous plants exhibit a little scale on their inner surface at 
the point where the limb of the petal is united to the claw. A 
somewhat similar scale, although less developed, occurs at the 
base of the petals of some species of Banitncnlus (fig. 824). 
The formation of these ^ales is supposed hf many to be due to 
the chorisis or unlining of an inner portion of the petal from 
the outer. Each petal of Parnassia (fig. 326) has at its base a 
petal-like appendage divided into a number of parts, somewhat 
resembling sterile stamens ; this also is considered to be produced 
by transverse chorisis. 

In plants of the order Bhamnacece (fig. 251), and others, 
the stamens are placed opposite to the petals ; hence they have 
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been supposed by many botanists to be produced by chorisis from 
•the corolla ; but others explain this opposition of parts by sup- 
posing the suppression of an intermediate whorl. Transverse 
chorisis is frequently to be found in the androecium, but it is less 
frequent in the gyntecium. An example of transverse chorisis 
in the gyiiepciuin is furnished, however, by (fig, 245), 

where each carpel has at its base on the outside a little greenish 
scale a, flt, which is supposed by some to be due to it. 

It will be observed that, in the above cases of transverse 
chorisis, the parts which are produced do not resemble those 
from which they arise, and this appears to be a universal law in 
this form of chorisis. 

Collateral Chonsia , — We have a good example of this form 


Fig. 252. Fig. 253. Fig. 254. 



Fig. 262. Diagram of the flower of the common Wallflower. Fig. 258. 

Flower of a species of Streptanthusy with the floral envelopes removed, 
showing a forked stamen in place of the two anterior stamens. From 
Gray.— /’tV. 284. Diagram of the flo\\er of the Fumitory. 

in the Stock, Wallflower, and other plants of the order Cruci- 
fierce (Jig, 252). Within the perianth we find six stamens ; of 
these, two form an outer whorl and stand opposite to the lateral 
sepals, while the other four are placed in pairs opposite the 
anterior and posterior sepals, forming an inner whorl ; the latter 
lias, therefore, four stamens instead of two, which result from the 
collateral chorisis of those two. This t'iew is supported by the 
fact that in the genus Streptantlim (fig, 258), in place of the two 
stamens, as commonly nhserved, wo have a single filament 
forked at the top, and each driision bearing an anther, 
which would seem to arise from the process of chorisis being 
incompletely carried out. The flowers of the Fumitory are also 
generally considered to afford another example of collateral 
chorisis (fig. 254). In these we have two sepals, four petals in 
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two rows, aiid six stamens, grouped together into two bundles 
or phalanges. The central one of each bundle bears a two-lobedi 
anther, the lateral ones have only half an anther each. This 
has been held to arise from chorisis of two original stamens. It 
is possible, however, to regard each phalanx or bundle of stamens 
as corresponding to a temate leaf, each lateral lobe of which 
bears two sporangia, wliile the central one bears four. It may 
be considered, indeed, that collateral chorisis is illustrated by the 
compound as compared with the simple leaf. It is e'^ident that, 
on this hypothesis, collateral chorisis is only a foi-m of branch- 
ing of the staminal leaf. Other examples of this modification of 
the typical flower are by some considered to be aflbrded by the 
flowers of many species of Hyj^ericuiu {fuj. 265, /,./), in which 
each bimdle of stamens is supposed to ai’ise from the repeated 
chorisis of a single stamen. Each bundle may, however, be due 


Fro. 255. Fio. 256. 



Fig. 265. Flower of Qooaefoot {Chenopodium), witli only one floral envelope 

(monochlam^deous). Fig. 266. Flower of the oomiliou Ash f/’raa /«/«), 

in which both floral envelope.s arc absent {ach/ammieoHf). 

to its branching rather than to its repeated division. The multi- 
plication of the stamens of Cratcegua already described (page 134) 
may be due to this form of chorisis. 

3. Suppression or Abortion , — The suppression or abortion 
of parts may either extend to entire whorls or he confined to 
one or more parts of a whorl. 

a. Suppression or Abortion of one or wore Whorh.—t\\e 
have already staled that a complete flower is one which con- 
tains calyx, corolla, androeciuni, and g^mpecium. When a whorl 
is suppressed, therefore, the flower necessarily becomes incom- 
plete. This suppression may take place either in the floral enve- 
lopes or in the sporophi/lls. 

Sometimes one whorl of the floral envelopes is suppressed, as 
in Chenopodinm {fig. 256), in which case the bovver is apetahus 
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or tiionwhlatnyileQUH ; sometimes both whorls arc suppressed, as 
,iii the Ash {Jig. 25Gj, when the flower is achlamydeous. 

When from such suppression only one perianth whorl is 
present, it is usual to speak of it as the calyx, though it may be 
petaloid or coloured, as in CaWia and Anemone. Its calycine 
nature in these cases can be determined by a comparative exami- 
nation of other closely related flowers, as the Hellebore, where 
the true petals have undergone a curious change of form. In 
some cases the caljTC appears absent, as in the Valerians and 
most TJmheUiferce. It is, however, only partly lost, being united 
throughout most of its length wdth the ovar3% and only exposing 
a rim at the top of the latter. 


Fig. ‘257. Fni. *258. 



Suppression of a u horl of sporophylls is not uncommon ; in 
such a case the flower is said to be imperfect. The androecium 
or gynaeoium, or both, may be thus suppressed. When the stamens 
are abortive it inaiillaic {Jig. 258) ; when the pistil is absent 
it is staminatc (^f/^257). 

,b. Siipjiresaion of one or more Mefkbcrs of a Wliorl . — This 
is a very common cause of deviation from typical structure ; we 
can here bring forward ojly a few examples. 

This suppression of paiis is most frequent in the gyneecium. 
In EJmmnue {Jig. 261) w^e have five sepals, five petals, five 
stamens, and three carpels ; here two carpels are suppressed. In 
the Pansy {Jig. 259) we have again a pentamerous flower, so 
far as the calyx, corolla, and andrcecimn are concerned, but only 
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three carpels, two carpels beinghere suppressed ; in Legnininous 
plants {fig. 260) we have five sepals, five petals, ten stamens^ 
and only one carpel, four of the latter being here suppressed ; in 
plants of the order Composiicp the calyx, corolla, and androecium 
have each commonly five members, but only two carpels are 
present. 

In some species of impatienft {fig. 261) we have five carpels. 


Fig. 259. 


Fig. 260. 


Fig. 261. 



Fig. 269. Diaffram of tho flower of tlie Heartseage ( Viola). Fip. 200. Dia- 

gram of a Leguminou'j ilower — Ftg. 261. Diagrani of the flower ot 
Impatiem parv\floru. 


five stamens, and five petals, but only three sepals ; here two 
sepals are suppressed; in Troj^ceohtm pentaiihylhwt {fig. 262) 
there are five sepals, and but two petals, three 
of the latter being here abortive. In the Labia fee 
and Scrophvlariacece one df the stamens is 
commonly suppressed, and sometimes three ; 
in Larnium wo have five parts to both calyx 
and corolla, but only four stamens; and in 
Salvia we have also five parts to both calyx and 
corolla, but only two stamens. 

Besides these examples of the suppres- 
sion of parts, there is another kind of suppres- 
sion, to which the term abortion more properly 
applies.^ This consists in the degeneration or 
fTanttformafion of the parts of a flower. 
^mtrn Scrophularia the fifth stamen is reduced 

^ to a scale ; in the XhnhcUifereB the Innb of 

the calyx is commonly abortive, while in the Compositce it is 
either abortive (fig, 291), or membranous (fig, 292), or reduced 
to the form of a number of hair-like growths known as a 
pappus. 
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Stamens which have undergone such degeneration are known 

Siam inodes. Tlie anther is usually replaced by a somewhat 
foliaceous expansion which has no pollen-sacs. 

In some cases sucli degeneration is accompanied by an 
ijicrease in the number of the members of other whorls! In 
cultivated semi -double flowers we frequently find both stamens 
and carpels partially replaced b^ petals, and the number of the 
latter considerably increased. 

4. Disphieemenf, results in the superposition of ap- 
parently successive whorls which in the ty])ical flower are 
alternate with each other. In some cases it is only apparent, 
and is due to multiplication of the whorls, as in the Barberry 
already described. The result of the multiplication in the latter 
is that each petal has a stamen before and a sepal behind it 
ififf. 249). 

In the Lily-' >f- the -valley there is a six-parted perianth, each 
lobe of w'hich has a stamen in front of it. This is not due, 
however, to displacement. The perianth is the representative 
of two whorls of leaves 'which alteniate with each other, and 
there are two whorls of stamens within the perianth, also 
regularly alternatintj. The flo'v\'^er being very small, the bases 
of all these leaves are crowded closely together, the two whorls 
of the perianth become completely fused into one, and the true 
relation of the parts can be detected only by careful examination 
and comparison with the flowers of other members of the same 
natural order. 

In many cases, however, particularly in the corolla and 
androecium, the members of two succeediiig whorls are super- 
posed. Allusion has been made to such displacement in the 
case of the stamens of obdiplostcmonous flowers, the outer whorl 
of which is superposed upon the petals, while the inner one 
stands opposite to the sepals. In several natural orders — Plum- 
hoffinacecey Prininlacecc^ and BhamnarecCf for example —the 
stamens, w'hich are isoatemonous, stand each in front of a petal 
{Jigs. 251 and 263). 

The anteposition* is generally explained by the suppression 
of an external whorl of stamens between those remaining and 
the petals. Traces of these missing stamens are seen in some 
flowers ; for instance, in some Primulaeece there is found in this 
position in the flower a whorl of staminodes. 

5. Collision of Parts., or the Coalescence of the Members of 
the sanne Whorl . — We have seen that in the typical flow^er the 
members of each whorl of floral leaves are distinct from each 
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other. This is, however, very frequently not the case ; the 
calyx, instead of being evidently formed of a number of sepali^ 
appears like a more or less cup-shaped body with a number of 
teetli. The cup may be cleft nearly to the base, or the teeth 
may be very small and almost inconspicuous. The corolla, 
again, may be evidently detachable as a single stnicture. The 
teeth may be regular or irregular in size and shape, giving rise 
to many forms which will be described in detail later. The 
staminal whorl is loss frequently affected by this coalescence, 
but it is extreme^ common in the pistil. 

Wien a perianth whorl is made up of sepai’ate leaves it is 
said to hQ or elcntheroscjyaloii 8^ eJeutheropeialous, 
&c. "Ulien the leaves are not free from each other, it is called 
gaino-se^mlous or -pctaloim, Wicn the stamens are united thus 


Fig. 20,?. 


Fig. 204. Fig. 205. 



Fig 26B. Uiagram of the flower of u upeoie'j of Plumlago, Fig. 264. 

Monadelplious stainojH of Ftg. 266, Triadelphous stamens of a 

bjrfoies of llvprrinirn. n. Pj^tll. /. United filament^*, e, AntheiN. - 


by their filaments, thej" are said to he mo'nadcJphov^^ as in the 
Mallow 264). Sometimes the apparent union does not in- 
clude all -the stamens, but these are gathered together into tw’o 
or more bundles or phalanges, as in Hypericum [fiy. 265). 

A pistil w'hose carpels are distinct is said to bo ajtocarpons, 
as in the Buttercup and Pheasant’s-eye ; ope in w hich they are 
united is called uyncarpous, as in the Lil3\ The union may be 
confined to the ovary, or may extend to the style and stigma. 

Sometimes the coalescence of the members of the whorl 
involves also those of the next whorl above it. In the 
Lily-of-the-valley both perianth whorls, which were originallj^ 
alternate with each other, have all coalesced into a six-toothed 
bell, appealing like a gamopetalous corolla. These are said to 
be gamopliyllous. 
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In Homy Potentillay and a few other plants of the same 
family, the cohesion of the sepals is still more complicated by 
the fact that each sepal is stipulate, and the stijailes also are 
coalesced into what resembles a whorl of bracts below the calyx 
( fuj, 207). This is known as an epicalfjj : ; it must not be con- 
fused with the epicalyx of the Mallow, which has a different 
origin, as ah'eady described. 

Though the term cohesion has been used to describe this 
coalescence, it must not be supposed that parts originally free 
have become united. The young leaves originate on the tliala- 


Fio. 20(». 



Fin. ApX'lll'pou^ pibtil of tlic Piicai!aut\'C\p (.Vi^nu Fvh 

Flowc f StriiwlH-i ry, wah stipniar vplealyx Fuj. c . Uiugniui of 

three 'Hi'pcli?, plaoc^a bnlc by idde, but not uuiteU. b, A tiai sveixj ssecthoi 

of the Dvai'ics of the sauie. Fuj. 360. «. Diagininiuf three ' Avpelb united 

by t,ht r ovnriea, the styles mia >tjginu8 beij)g free. b. A trai averse section 
of the ’Vui'Un of the suiiie. 


mus as separate outgrowths, but the apical growth soon stops, 
ancj basal growth l^ads to the outgrowth of the whole annular 
zone of the young receptacle on which the leaves have appeared. 
This zone is really cou^osed of the bases of the separate 
leaves, which are developed thus together, much as are the 
wings of the separate branches of the epipodiiuii of a pinnatifid 
leaf. 

A few cases of true cohesion of ports originally free are 
met with. In ABcleyim the stigmas cohere together and to 
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the anthers of the flower. In a species of Lonicera the ovaries 
of two opposite flowers of an inflorescence unite to form 
connate fruit. 

Where the stamens of a flower are gathered into several 
bundles, as in Hyperivum, the condition is probably due to the 
branchingof a corresponding number of original protuberances. 

Other cases of cohesion will be referred to later. 

0. Adhesion of Farts, or Coalescence of the ALenihers of one 
Whorl until those of another , — This again is a \'ery coiniiion 
disturbance. Normally, the several whorls are placed upon the 
thalamus in such a way that their acropctal order of sncces* 
sion can be recognised. The ovary st.ands at the apex of the 
thalamus, and is said to be superior. The calyx is as evidently 
the lowest whorl, and is termed inferior. The corolla and 
stamens springing from below the ovary are said to bo hypo- 
gynoiis [fig, 270). 

Fio. 270. Fi(.. 271. Fio. 272. 



Pi</. 270. llypogynous stameun cf Buttercup. 271. Perigyuous 

stameii-^ of Cherry, — A’/-/. 272. I’erifryn^f* flower of Strawberry. 


Often, however, the base of the calyx seems to be spread 
out into a sort of cup, and the petals and siameiis appear to 
spring from it at a little distance from the thalamus. The 
corolla and stamens are then said to be perigynons ifiys. 271 
and 272). The cup bearing the stamens and petals may grow 
completely over and become fused with the wall of the ovary ; 
the latter is then said to»be inferior, and tluf corolla and stamens 
are epigynous (fig, 273). Though such a pistil appears to bear 
the other whorls upon its apex, this isjiot really the case ; it is 
always the terminal whorl. 

The cup appears to be the dilated base of the calyx, but this 
appearance is misleading. It is really the thalamus which has 
become concave, and the fused calyx leaves grow from it as do 
the petals and stamens. 
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The true interpretation of the stnicturo of the iiiferioi* ovary 
^eponds upon a proper appreciation of the chanj'e in form of the 
thalamus. In some cases it arises from the early Buppressiou 
of the apical growth of the latter and the continuation of the 
development of its peripheral tissue, which thus rises as an 
annular /one or cup. On the margin of this cup are developed 
successively the perianth and stamens. The carpels are de- 
veloped at the true apex of the thalamus, and therefore at the 
bottom of the cup, and their walls are fused with the interior of 
the receptacular cup as development continues. The outer wall 
of the ovary is so formed of the hollowed -out thalamus or 
r(‘ceptacle. This view of its origin is supported by the fact that 
in some cases the ovary of the Gooseberry is found to have 


Fig. 273. Fra. 274. 



Fifj. 27^, Epigyaous flower of ]VI\nlo. /'?// 274. Epinetalous 

htainciiN i’l ! turobe. 


one or two small foliage lea\e8 springing from it, indicating the 
axial nature of the outer wall. 

In other cases the apex of the thalamus does not cease 
growing, but takes part in the concave growth. The carpels 
consequently arise at the top of the cup, closing it in and 
growing downw^ards into its cavit3^ 

Adhesion between the stamens and petals is very common. 
It i9 generally associated with cohesion in the corolla, and is 
accounted for by the outgrowth from the receptacle of an 
annular zone from which sj^’ing botli petals and stamens. These 
arise from it by apical growth at first, but this is soon replaced 
by basal as before described, and the whole of the bases of the 
two whorls are so developed as a single band of tissue. The 
origin is thus comparable to the fusion of all the perianth leaves 
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in the of* the -valley already described. Such an arrange- 
ment of stamens is called epipetalous {fig, 274). , 


7. Spiral Phylhtaxin , — In the Gymnosperms both staminate 
and pistillate dowers have frequently this 
form of phyllotaxis. Good instances are 



afforded by the so-called amen of many 
genera, which wore formerly regarded as 
indorescences. These structures constitute 
the pistillate dowers of such forms as 
Pinas, Abies, &c. {fig. 275). Each consists 
of a woody axis on which the sporophylls arc 
arranged in a close spiral. Each sporophyll 


riq. 276. Colic of Hem- is at tirst succuleiit. but ultimately becomes 

surface a large scale -like outgrowth or 
placenta, and at the base of the latter there are two ovules. 


Similar cones occur among the Cycads, some of which have 
both microsporophylls and megasporophyUs so arranged. Spiral 


phyllotaxis also occurs in the xAngiosperms in certain families 
where the normal phyllotaxis of the dower is whorled, though it 


Fio. 276. 



Ftij,276. Flowci'of the White Wulcr-lil^ [,\jnn/Jha=a ulb^x) UHiucetl iu size. 
After Jussieu, e, c, r, c. Tiie sepals. Petals. <*. Stumeus The 

parts ou the ri^ht t-luny^tlie gradual transition ft'oin the sepals, c, to the 
petals, and from these organs to the stamens, e. Tlic Btameiis Iron 
1 to 6 ore graflualiy more distinctive. 


is less common than tlie other cases dff interference with typical 
8 ymmetr 3 ^ There are two degrees in which it exists, a. The 
whole of the doral leaves may be arranged sph’ally, as in the 
Water-lily {Nymphcca) {fig. 276). Here the members of the 
separate whorls show gradual transition from one form to the 
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next. The outer leaves are green and sopaloid; as we pass 
inwards their green hue is gradually replaced by white, till they 
are evident petals ; there is a similar transition from petals to 
stiunens, the leaves becoming narrower and indications of 
anthers appearing at their summits, till the definite stamiiial 
form is reached. Such flowers arc known as acyclic, b. The 
perianth may be in whorls and the sporophylls arranged spirally. 
This is the case in some of the r>uttercups, where there are two 
series of spirals, the androecium and gynapcium. They do not 
show a transition to each other as in the former case. Such 
a flower is termed lictmcyctw. Sometimes the whorls of the 
perianth arc not time ones, but result from a condensed spiral. 
This may be seen in such corollas as liave a qnincuncial aestiva- 
tion (see page 205). 

8. Meiamorphoftifi of Parh of flic Flower, — A modification 
of the structure ^of the flower, wliich is 
not uncommon, is seen in cases w'here 
one leaf ur more of either of the wliorls 
have assumed an abnormal appearance 
or structm’e. In tke Aconite the petals 
are developed as two long slender 
bodies with a dilated head, which stand 
together under the arched upper sepal 
(fg. 21D. In the Hellebore all the 
petals are represented by small tubular 
bodies which are nectaries. In some 
flowers again, particularh" in cultivated 
forms, we meet with cases wdiere leaves 
of the androecium arc developed as petals. 

This is most generally found in flowers 
which have typically many stamens, c.g. 

Roses, Buttercups, &c. We have as a 
result so-called double ffowem. Occa- 
sionally such a metamorphosis occurs ih 
wild flowers. 

Other foims of intefference with nonn*1 symmetry are due 
to mdSification of the floral axis or thalamus. These will be 
discussed latci*. Sometimes a flower which is normally zygo- 
morphic, from a single petal being spurred, becomes regular 
by developing spurs to all its petals. Such a flower is called 
peloric. 


Fig. 277. 



Ft(j. 277. A portion of tlie 
flower of tlie Monk^hcxKl 
(ArotiiOim), with nu- 
merous stamens below, 
and two stalked sorae- 
wliat hom-sbapod petals 
above. 
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The Parts of the Flower. 

AVe must now examine the structure of the flower in greater 
detail, dealing with the axis and its modifications, and with the 
peculiarities of the separate floral whorls. 

(1) the thalamus. 

The part of the flower- stalk or axis which is above the inser- 
tion of the leaves of the calj^x, and so is wdthin the flower, has 
been variously distingiiished by botanists as the thalamus, re- 
ceptacle^ and torus. 

In the majority of plants it consists of three undeveloped 
intemodes, and accordingly presents no remarkable feature; 
but in others it becomes much enlarged, and then assumes a 
variety of appearances, and modifies to a <J<iti8iderable extent 
the form of the flower. In the species of Mafpiolia, Lirioflen- 
dron, and plants of the order MagnoUaceoi generally, the thala- 
mus is cylindrical {fig, 407, o) ; in plants also of the order 
Anonacea; it usually acquires a somcwdiat eimilar form ; in the 
Raspberry {fig. 409, ?) and species of Banunculus {fig, 270) it 
is conical ; in the Strawberry {fig. 272) hemispherical ; in 
Neliimhium ifig. 278, thal) it is a large tabular expansion in 
which there are a number of cavities containing the separate 
carpels. In the Rose it forms a deep cup, upon the sides of w^hich 
the cai’pels are placed {fig. 285, r, r). 

In the Primulacecr, Santalacece, and in all cases w’here the 
ovules are not developed upon the carpel! ary teaves, the thala- 
mus becomes prolonged into the cavity of the ovary and beai’s 
the pla<;euta {fig. 488). At other times the thalamus becomes 
prolonged beyond the ovary, as in the Oeraniaceer and Urn- 
bellifercr. ; this prolongation is termed a carpophore. In the 
species of Geranium {fig. 443, c), this carpophore forms a 
long beak -like process, to which the carpels, car, are attached, 
and from w^hich they separate when the fruit is ripe. In 
many cultivated flowers, as in the Rose, the thalamus some- 
times acquires a monstrous development, and becomes e^ftended 
beyond the flower into a branch bearing foliage leaves (/y.279). 
To this prolongation of the axisijeyond the flower the term 
median proUfication is usually applied. 

In some plants the last internode of the thalamus becomes 
elongated and forms a stalk to the ovary, to which the tenn 
gynophore has been applied ; sometimes the internode between 
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the ])erianth and the sporophylls elongates. Examples may be 
%een in some of the Cajypandacece (fig. 280 thal ) ; in the 
Pink (fig. 406, //), Dictamnna (fig. 427, <7), and Xanthoxylon 
(fig. 411, g). 

Sometimes tlie thalamus presents certain modifications of 


Fio. 278. Fig. 279. 



Piy. 278. (?iaL Thalamus of Neluvibium. vaip. Carpels. Fig. 279. Hon> 

strous development of the flower of the Rose, showing the aria prolonged 
beyond the flower ana bearing foliage leaves.-* — Fig. 280. Flower of a 
tpccies of (ignandrofists, belonging to Capparidaoeee. cal. Calyx, cor. 
Corolla. //<«/. Prolonged tlialamus or gynophore, supporting the stamens, 
gf, and ovary, ov. 

form which ai’e seen between the floral whorls. They are due 
to changes in particular internodes, and generally occur above 
the perianth leaves. Any such modification of the thalamus is 
known as the disc. Under this term we include all bodies, of 
whatever form, except sporophylls, whicli are situated on the 


148 


MANUAL OF BOTANY 


thalamus between the calyx and gyniecium, or which are upon 
or in connection with either of these organs^ but which cannct 
be properly referred to them. 

The disc is developed in a variety of forms ; in the 
Orange and Rue {fig, 282) it forms a fleshy ring suiTOunding 


Fig. 281. Fig. 282. 



Fig. 281. Flower of the Fennel ( Funicuhim ntpiVnmim). The ovary is sur- 

monnted by a disc, Fuj.2%2. Flower of the line (Ruta graveolens). 

The pistil is surrounded by a disc in the form of a fleshy hypof^ynous ring, 
on the outside of which the stamens are lii'^erted. 


the base of the pistil ; in the Tree Preony (fig, 283) it occurs as 
a dark red cup-shaped expansion covering nearly the whole of 
the pistil except the stigmas; in the CheiTy (fig, 271) it fonns a 


Fig. 283. Fm. 284. 



283. Pistil of the Tree Pseony ( Pfcowia Moutan or Moutan ojficinalu) 

invested by a large cup-shaped expansion or disc. Fig, 284. Pistil of 

Stoneorop (^Snfum), cc^sisting of five distinct v^arpels, on the outside of 
each of which at the base a small scaly body may be noticed. The ptrtil 
is compound and apocarpous. 

k 

sort of waxy lining to the receptacular tube. In other cases the 
disc is represented by little separate glandular bodies, as in some 
Cruciferous plants ; or by scales, as in the Stonecrop (fig. 284) 
and Vine (fig, 844) ; or by various petaloid expansions, as in the 
Columbine. 
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A peculiai’ swelling upon the summit of the inferior ovaries 
•f the flower of the Natural Order VmbellifcrcB is also gene- 
rally referred to as a variety of the disc, though it is above 
instead of below the gyneecium. It forms a conical swelling 
which surrounds and adheres to the bases of the two divari- 
cating styles. On this account it is sometimes called a stylo- 
podium. 

The disc is termed hypoyynom, periyynous^ or epigynouSy 
according to its position with reference to the ovary. 


(2) THE WHORLS OF PERIANTH LEAVES, 
a. Tlu' Calyx. 

The calyx the outermost envelope of the flower, and is 
compused of two or more leafy members called sepals. These 
sepals {uo usually gi’een like the foliage leaves, by which cha- 
racter they may, in most cases, be distinguished from the petals, 
as well as by the position and more delicate texture of the latter. 
There are numerous instances, however, especially when the 
number of petals is much increased, in which there is a gradual 
transiti'Ti from the sepals to the petals, so that it is difficult or 
almost impossible to say, in many cases, where the calyx ends 
and the corolla begins. The White Water-lily (fig. 276) affords 
a familiar and good illustration of this. In some plants, again, 
the green colour disappears, and the calyx becomes coloured 
with the same tints "as the corolla, or with some other bright 
hues. In such cases it is said to be petaloid, and the chief 
distinctive character between it and the corolla is then afforded 
by its position on the outside of the latter organ. The P^uchsia, 
Indian Cress, Columbine, Larkspur, and Monkshood may be 
mentioned as affording familiar examples of a petaloid calyx 
amongst dicotyledons. In Monocotyledons generally, as in the 
Lily, Iris, Tulip, Crocus, and Squill, the two floral envelopes, 
although sometimes ^een, are usually floured and resemble 
each* other so closely in other respects that the collective name 
of perianth is used to incycatc the two whorls taken together. 
AVhen there is but one whorl of floral envelopes, as in the Goose- 
foot (fig. 256), it is customary to call this the calyx, whether it 
is coloured or green. 

In their structure, venation, and characters generally, the sepals 
resemble the foliage leaves. They exhibit various characters as 
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regards their figure, margins, apex, <fec., although they are by no 
means liable to such numerous variations in these particulars as ar^ 
the blades of foliage leaves. The terms used in defining these 
modifications are the same as those applied to the blades of leaves. 

Sepals are almost without exception destitute of a stalk, or, in 
other words, they are sessile upon the thalamus. They are also 
generally entire at their margins, although exceptions to this latter 
character occasionally occur : in the Pesony and Rose (Jigs. 286, 
c/, and 302, cf) the sepals are incised ; in many species of Dock 
they are toothed ; in ChumcElaticmm plumosiim each sepal is 
divided into five deep lobes or partitions ; and in Pdssiflora fcetida 
the sepals are pinnatisected, and each segment is pinnatifid. 


The sepals may be either distinct from each other, as in the 
Poppy, Buttercup, Wallflower, and Strawberry (fig. 2G7); or 
more or less united into one body, as in the Pimpernel (fig. 287), 


Fig. 285. Fig. 28b. 



Fig. 285. Vertical section of the flower of the Rose, r, r. Concave thalamus, 
upon which are placed several carpels, o, o, each of which is fumish«i with 

a style and stigma, x. e, e. Stamens, Fig. 286. Flower of Monkshood 

(Aconitum Napellun)^ with an Irregular poiysepalous calyx. The upper 
eepal is hooded or helmet-shapecl. 


Campion, and Henbane (fig, 288). In the former case tho 
calyx is nsusMj termed j^olysepalous, or dialysejnilous; in the 
latter it is commonly (Tailed gamosepalom, 

1. PoLYSKPALOUS OR DuLYSEPALous Calyx.— A polyscpalous calyx 
may consist of two or more parts ; thevnumber is then indicated by 
a prefix of Greek numerals ; it is disepalous when it is composed of 
two distinct sepals, trisepalous when it has three, and so on. 

A poiysepalous calyx is called regular if it consists of sepals of 
equal size and similar form, and is arranged in a symmetrical 
manner, as in the species of Ranunculus (fig. 227) ; and it is said 
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to be itrcgiilar when the sepals vary in these particulars, as in the 
Monkshood (fig. 286). 

2. Gamosepalous Calyx. —When the sepal are united so as to 
form a gamosepalous calyx, various terms are used to indicate the 
different degrees of fusion. The union may involve only the base 


Fig. 287. Fir,. 288. Fig. 289. 



Fhf. 287 Partite inferior calyx of the Pimpernel {AnagalhsX — Fig. 288. 

tjrcr^’nte calyx of the Henbane (ffposryamus). /'ly. 289. Bilabiate 

calyx of the Dead-nettle {Latnium). 


of the leaves, as in the Pimpernel (fig. 287), when the calyx is said 
to be partite\ or it may extend to about the middle, as in the 
Centaury, when it is cleft or fissured ; or the sepals may be united 
almost i<' the top, as in the Campion, when it is toothed \ or the 
union may be quite complete, when it is entire. The number of 
partitions, fissures, or teeth is indicated by the same prefixes as 
those previously referred to 
as used in describing the 
divisions in the lamina of a 
leaf, and in the majority of 
cases it corresponds to that 
of the component sepals of 
which the calyx is formed ; 
although exceptions to this 
rule sometimes occur, as for 
instance in those cases where 
the divisions are themselves 
divided into others. A^ttle 
care in the examination will, 

however, generally enable the .. .. , a * 

, 300. Vertical sectiou of the flower of tbe 

observer to distinguish the Myrtle com»nwn<«). Tube of the 

primary from the secondary calyx adherent to the ovary, o. t. Stamens. 

divisions. When a gamosepalous calyx is entii’e, the number of 
sepals can then be ascertained by the venation, as the principal veins 
from which the others diverge generally correspond to the midribs of 
the component sepals. In a gamosepalous calyx in which the union 
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exists in a marked degree, the part where the sepals are united is 
called the tnhe^ the free portion the limb, and the orifice of the tuU- 
the throat or faux (figs. 288 and 289). 

If the union between the sepals is unequal, or the pails are of 
different sizes, or of irregular figures or forms, the calyx is said to 
be irregular ( fig. 289) ; if, on the contrary, the pai’ts are alike in 
figure and form, of the same size, and united so as to form a sym- 
metrical body, it is regular (fig. 288). Some varieties of the irregular 
and also of the regular calyx have received special names. In 
the Dead-nettle (fig. 289), the irregular calyx is said to bo labiate, 


Fig. 291. Fig. 292. Fio. 293. Fig. 294. 



/’if/. 291. Cue of tlie tubular florets of the Oveye (Chriisaulhemuni). The 
calyx is completely uuitcfl to the ovary an<l presents do aijpeareucc of a 

liuib. /’»//. 292. One of thetuluilar florets of the Sunflower i^/MtafUhint). 

The limb of tlie adherent calyx is membranous. Ft}/. 29.3. Fruit of the 

Valerian surmounted by a feathery sessile pappus. 294. Fruit of 

Scabious surmounted by a stalked pilose pappus. 


bilabiate, or lipped, because the five sepals of which it is comiiosed 
are united in such a manner as to form two lips. Of the regular 
forms of the gamosepalous calyx a number are distinguished under 
the names of tubular, bell-shaped or campanulate, urccolate (fig. 
288), conical, globose, &c. The application of these terms will be 
further shown when spfeaking of the corolla, in which similai’^ forms 
occur, and in which they are usually more evident. 

The tube of a gamosepalous calyx^ or of that of a perianth (the 
parts of which, like the sepals, are frequently united to a varying 
extent), sometimes adheres moi*e or less to the ovary, as in tlie Iris, 
Myrtle (fig. 290, cal), in all the plants of the order ComposiUe and 
in those allied to it (figs. 291 and 292), and in numerous other 
plants. When this takes place, the calyx is said to be adherent, or, 
because it appears to rise from the summit of the ovary, supevioi ' ; 
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the ovary in such a case is then described as inferior. When the 
calyx is free, or quite distinct from the walls of the ovary, as in the 
Pimpernel {Jig. 287), Wallflower, and Poppy, or from the free cai’pels, 
as in the Buttercup, it is said to be frei\ non-adherent ^ or inferm'\ 
and the pistil is then termed superior. 

When the calyx or perianth is adherent to the ovary, its limb 
presents various moditications : in the Iris, Crocus, and Orchids, it 
\?,petaloid] in the* Quince, foliaceoiis (/ir;. 299) ; in the Sunflower 
{Jig. 292) and Chamomile it is nie'nibranous ; in the Madder it 
exists only in the form of a circular rim ; while in the Ox-eye it is 
altogether absent {Jig. 291). In the two latter cases the calyx is 
commonly described as obsolete. In many plants of the order 
CojnposiUe and the allied orders Dipsacece and ValerianaceiCj the 
limb of the calyx is only developed in the form of a circle or tuft of 
bristles, hairs, or feathery processes, to which the name of pappus 
is given, and the calyx under such circumstances is said to be 
pappose. The pappus is further described as feathery or plumose, 
and Simple or pilose; it is feathenj, as in the Valerian {Jig. 293), 


Fip.29b. Flo\Nerof 
the ludiau Cress 
( Trofneolnm). c. 
Spurred calyx. 
Fiff. 296. Calyx 
of Hibxsem fcur- 
roimded by an 
cpicalyx or in- 
volucre. 


when each of its divisions is covered on the sides by little hair- 
like projections arranged like the barbs of a feather; and pilose 
when the divisions have no marked projections from their sides, 
as in the Dandelion and Scabious {Jig. 294). The pappus is also 
described as sessile when it arises immediately from the tube of the 
adherent calyx, and thus apparently from the top of the ovary or 
fruit, as in the Valerian {Jig. 293); vend* stalked or stipitate, if it is 
raised above the ovary or fruit, on a stalk, as in the Dandelion and 
Scabious {fig. 294). 

Modifications and Appendagks of the Calyx. — The calyx, 
whether gamosepalous or polyseptiloiis, is subject to various other 
in’cgularities besides those already alluded to, which arise from 
the expansion or growing outwards of one or more of the sepals 
or the tube into appendages or processes of different kinds. 


Fio. 295. Fin. 296. 
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In the Monkshood (Jig. 286) the superior sepal is prolonged 
upwards into a sort of hood or helmet- shaped process, and is said < 
consequently to be kaofhdy helmet-shaped ^ or galeate. In the 
Wallflower, and other plants of the Cmciferce^ the two lateral 
sepals are expanded on one side at the base into little sacs or 
pouches, and are termed gihloica or saccate. If the calyx has 
one or more tubular prolongations downwards, it is said to be 
spurred. Only one spur may be present, as in the Indian Cress 
(fig. 296, e), where the spur is fonned by three sepals ; or in the 
Larkspur, where it is formed by one ; or each of the sepals may 
be spurred. In Pelargonium the spur, instead of being free 
from the pedicel as in the above instances, is adherent to it. 

On the outside of the calyx of some flowers, as in those of 


Fig. 297. 


Fig. 298. 


Fig. 299. 



/’*■{/. 297. Flower of tlie Poppy, Bbowiiig u caducous calyx. Fig. 298. Aocre.s- 

cent calyx of the Winter Cherry (Phyxfdin Alkeiengi). Fig. 299. Vor- 

tical section of the fruit of the Quince (£*pru8 Cydonia), showin^r the tube 
of the calyx adherent to the matured enrpels, and forming a part of the 
pericarp ; the free portion or limb being foliaceoun. 


many plants of the Malvacece {fig. 296), Caryophyllaeea> (fig. 
300, 5), and liosacece (fig. 267), there is placed a whorl of leaf- 
like organs which is considered by some botanists as an outer 
calyx, and to which the Wmo of eptcalyx or calyculus has 
accordingly been given. The true nature of this outer whorl 
in the several cases has already been dig^jussed. 

Duration of the Calyx. — The duration of the calyx varies 
in dilferent flowers. It is caducous or fugacious when it falls 
off as the flower expands, as in the Poppy (fig. 297). In Eseh^ 
scholtzia the calyx, which is caducous, separates from the hollow 
thalamus to which it is articulated, in the form of a funnel, or 
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the extinguisher of a candle. A somewhat similar separation of 
the calyx occurs in Eucalyptus^ except that here the part which 
is left behind after the separation of the upper portion evidently 
belongs to the calyx, instead of to the thalamus, as in the former 
iiistancc. In these two latter cases the calyx is said to be calyp- 
trate or ope^'cidate. When the calyx falls off at about the same 
time as the corolla, as in the Crowfoot or Buttercup, it is called 
deciduous. In other cases the calyx remains after the flower- 
ing is over, as in the Henbane {fig, 288) and Mallow, when it is 
described as persistent. When the calyx is adherent or superior 
it is necessarily persistent,, and forms a part of the fruit, as in 
the Quince {fig, 299), Apple, Pear, Melon, and Cucmiiber. 
W’ben it is persistent and assumes a shrivelled or withered 
appearance, it is said to be marcescent) when it is per- 
sistent, and continues to grow after the corolla has fallen off, 
so as to form a bladdery expansion round the fniit, as in the 
Winter Cherry and other species of Physalis (fig, 298), it is 
termed accrescent, 

b. The Corolla, 

The corolla is the inner envelope of the flower. It consists 
usually of a single whorl of leaves, called peias. In a complete, 
flow- {Jig, 245 p) it is situated between the calyx and andren- 
cium, and is generally to be distinguished from the former, as 
we have already seen, by its coloured nature and more delicate 
structure. When there is but one whorl of perianth leaves, as 
we have also before noticed, this is to be considered as the calyx, 
and the flower is then termed apetalous or inonochlamydeous. 
The corolla is usually the most showy and conspicuous part of 
the flower ; in some rare cases, however, it is green like the calyx, 
as in certain members of the Natural Order Asclepiadacece. 
The fragrance of a flower is associated with its petals. 

The corolla is sometimes smooth, but very frequently its 
surface bears hairs of various forms and colours, particularly in 
those flowers which are pollinated by insects. Petals are fre- 
qqpntly narrowed below into a stalk-like portion, which corre- 
sponds to the petiole of the leaf, as in the Wallflower and Pink 
{fig, 801) ; the nari-ow portion is then termed the unguis or 
clato^ 0 , and the expanded portion the liynh, If and the petal is 
said to be unguiculate or clawed. In this particular, petals 
must bo considered to resemble the foliage leaves more than the 
sepals do, as the latter organs are almost without exception 
sessilCf or destitute of claw's. 
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The shapes of the petals, like those of the sepals and leaves, are 
subject to great variation. They may be linear^ oblong, lanceolate, 
elUptic, ovate, cotdate, &c. The application of these terms, having 
been already fully explained when speaking of leaves, need not be 
further alluded to. The condition of their margins also, the manner 
in which they are divided, and their terminations, are also indicated 
by the same terms as those which we have already made use of in 
describing foliage leaves. The petals may be dentate, serrate, cleft, 
partite, -sected, acute, cniarghiate, &c. One particular condition of 
the margins does not occur in the case of the leaves ; their edges arc 
somewhat deeply slashed or divided, so as to present a number of 
long, narrow, almost thread-like processes. When this is the case 
the petals are said to be fimbriated or fringed. The condition is seen 
in some species of Dianthiis {figs. 300 and 301). 

Fig. 300. Fig. 301. 




V 


t'ig. 300. The flu>\er of a si)ecieK of Pink {hianlhin). b. Bracts, foruilugan 
epicalyx or involucre, c. Calyx. p,p. Petals, the limbs of which ere 

fringed at their margins, e. Stamens. Fig. 301. One of the petals of 

the same flower, o. Claw or unguis. 1. Limb, ^\ hich in fringed at the 
margins. 

In texture the petals are commonly soft and delicate, but they 
sometimes differ widely from this, and become thick and fleshy, 
as in the Stapelia-s ; or dry and membranous, as in the Heaths ; 
or stiff and hard, as in Xylojria, • 

The petals also, like the sepals, may be either distinct or 
more or less united into one body. In the former case, the 
corolla is said to bo polypetalom or diatypetaloua (figs, 300-808) ; 
in the latter, gamopetalous (figs, 804-321). 

1. PoLYPETALous OB DiALYPETALous CoROLLA. — The number of 
petals which enter into the composition of the corolla is expressed, 
as in the case of the polysepalous calyx, by a prefix of the Greek 
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numerals. A corolla of two petals is said to be dipctalous ; of 
three, tripetaloiis ; and so on. 

When the petals are all of the same size and of similar form, 
and are arranged in a symmetrical manner, the corolla is termed 
regular, as in the Rosacea ( figs, 2G7 and 302) ; but when the 
petals vary in these particulars, as in the Pea and allied plants 
{Jigs, 260 and 303), it is said to be hregular. Several varieties of 
regular and irregular polypetalous corollas occur. 

A. Regular Polypetalous Corollas . — Of these there are three 
characteristic forms, viz. the cruciform or cruciate ; the caryophyl- 
laceous ; and the rosaceous. 

1. Cruciform or Cruciate. —Thi?, corolla gives the name to the 
natural order Cruciferce ; but it also occurs elsewhere. It consists 


Fia. 302. 


Fia. 303. Fig. 304. 



Fig, 302, Flower of the Tlose. ft. Bract, ct. Tube of the 
calyx. <if, cj", cf, cf, cj\ Divisions of the calyx, p, p, p, 

p,p. Petals. Fig, 303. The flotter of the Sweet Pea 

(iMthyrm odoratus). c. Calyx, v. Voxlllnm. a. Aire or 

wings, car. Carina or kwl. Fig. 304. Flower of 

SpigeHamarylandica. c. Calyx, t. Tabular corolla. 1 
Limb of the corolla, s. Summit of the style and stigma.^. 



of four petals, usually with claws, as in the Wallflower and Stock ; 
but sometimes without claws, as in the Celandine, and the whole 
arranged in the form of a cross. 

2. Caryopliyllaceons . — This consists of five petals, with long 
claws enclo^^ed in the; tube of the calyx, and with their limbs com- 
monly placed at right angles to the claws,* as in the Campion, Single 
Pink (figs. 300 and 301), and Carnation. 

8. Rosaceous . — This is^omposed of five petals, which are sessile 
or have veiy short claws. They are concave above, and spread 
regularly outwards, as in the Strawberry (-fig. 267) and Single Rose 
(.%. 302). 

B. hregular Polypetalous Corollas . — There are many anomalous 
forms of irrcgulai’ polypetalous corollas to which no particular names 
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are applied. There is one, however, namely the PapUwnaceoiis^ 
which is of considerable importance, as it occurs in all British 
LeguminoscB^ It is composed of five petals (figs. 303 and 464) 
one of which is superior or posterior, and commonly larger than 
the others, and is termed the vexilhnn or standard (fig. 303, v ) ; 
two inferior or anterior, which are usually more or less united and 
form a somewhat boat-shaped cavity, car., called the keel or carina ; 
and two lateral, u, called the wings or ahr. The alse overlap the 
carina, and are themselves overlapped by the vexillum. 

In many cases where a number of regular flowers are massed 
together, as in certain corymbs, umbels, or capitula, the flowers 
round the margin of the inflorescence become irregular by the greater 
development of such of their petals as are outermost. These are 
known as radiant flowers. 

2. Gamoputalous ConoLTA. AVhen the petals form a gamo- 
petalous corolla, the same terms are used as in the case of the 
gamosepalous calyx to indicate the degrees of cohesion. 

The gamopetalouB corolla, like the gamosepalous calyx, is regular 
when its parts are of the same size, and of similar figure or form, 
and united so as to form a symmetrical body (figs. 304-309) ; other- 
wise, it is irregular (figs. 310-321). 

A. Begiilar Gamopetalous Corollas.- -The following forms are 
those most commonly occurring 

1. Tubular^ where it is nearly cylindrical throughout, the limb 
not spreading, as in Spigelia (fig. 304), and in the central florets of 
many Conipositcp, as in the Ox-eye (Chrysanthemum) and Sunflower 
(Helianthus) (fig. 292). 

2. Campamilate or hell-shapedy where the corolla is rounded at 
the base, and gradually enlarged upwards to the summit, so as to 
resemble a bell in form, as in the Harebell (fig. 305). 

3. Infimdibulifoivn or funnel-shaped, where the form of the 
corolla is that of an inverted cone, like a funnel, as in the Tobacco 
(fig^ 306). 

4. Hypocraferifoi'm or salver-shaped (fig. 307), where the tube 
is long and narrow, and the limb placed at right angles to it, as in 
the Primrose. 

5. Piotate or ivheel-shaped, where the tube is short, and the limb 

at right angles to it, as in the Forget-me-not \fig. 30rt) and Bitter- 
sweet (Solanum Dulcamara). ‘ 

6. Vrceolate or um-shaped, where the corolla is swollen in the 
middle, and contracted at both the base fcnd apex, as in the Purple 
Heath (fig. 309) and Bilberry (Vacctnium Myrtillus). 

B. Irregular Qainopetalous Corollas. — The following forms are 
most noteworthy : — 

1. Labiate, bilabiate, or rhigenf. — When the parts of a corolla 
are so united that the limb is divided into two portions which are 
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placed superiorly and inferiorly, the upper one overhanging the 
lower, and each portion so arranged as not to close the orifice of the’ 
tube, thus resembling in some degree the lips and open mouth of 


Fig. 305. 


Fig. 307. 




Fig. 306. 


Fig. 308 



Fig. 306. Flower of tlio Harebell {Campanula ro(undifolia\ 8ho\ving a cam* 
pauulate corolla,-* — FVj 7 . H08. Flower of the Tobacco Plant (Nicotiana 
Tabacum), witli iufnndlbulifonii corolla — *Fig. 307. Flower of a species 
of Primula, c. Calyx, within which is seen a hypocraterifonn corolla, p. 

t. Tube of the corolla. 1. Limb. Fig. 808. Flower of the Forget-me- 

not P. Rotate corolla, r. Scales projecting from its 

throat. Fig. 309. Plow’fr of a species of Heath {Erica ). c. Calyx, within 

which is an urceolate corolla, ^ /. 

an animal {figs. 310-313), the corolla is termed labiate^ bilabiate ^ or 
ringent. The upper lip is composed of two petals which are either 
completely united, as in the White Dead-nettle (fig. 301), or more or 
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Jess divided, as in the Kosemary (//</• »‘Jl*2)and Germander (Teua ium) 
(fig. 311) ; and the lower lip of three petals, which are also either 
entire, as in the Eosemary (fg. 312), or bifid, as in some species of 
Lamiimu or trifid, as in GaJeobdolon (fig. 313). When a labiate 


Fw. 310. 




Fin. -no. Rinfront or pr^iplnpr eorolk of the Dotul-nettle {T.nmtttm nllmniX 

sliowiiiR' the entire upper lip. Fuj.^W. Back view ot the flower of a 

species of T^uenum., showing the bifid upjier lip of tliecoroUa. Ftg. 312. 

Flower of the Rosemary (illomaritiNs) witli upper lip divided. 


corolla has its upper lip much arched, as in the White Dead-nettle 
(fig. 310), it is frequently termed iingent or gaping. The labiate 
corolla gives the name to the natural order LahiaUe, in the plants 
belonging to which it is of almost universal occurrence. It is found 
also in certain plants belonging to some other orders. 

2. Personate or Masked. —Thin form of corolla resembles the 
labiate in being divided into two lips, but it is distinguished by the 
Fig 313 lower lip being approximated to the upper, so as to 
close the orifice of the tube or throat. The closing 
of the throat is caused by a projection of the lower 
lip called the palate (fiq. 314). Examples occur in 
the Snapdragon (fig. 314) and the Toadflax (fig. 315). 
In the species of Calceolaria the two lips become 
hollowed out in the form of a slipper ; hence such a 
corolla, which is but a .slight modification of the per- 
sonate, is sometimes termed calccolatc. 

3. lAgiilate or Hirap-sluiped. — If what would 
otherwise be a tubular corolla is partly split open 
on one side, so as to become flattened like a strap 
above (figs'> 310 and 317), it is called lignlate or 
Front view of tijc strap-shajx'd. This kind of corolla frequently occurs 
0 ?/ florets of the ComposUcCy either in the whole 

with trififUower of those constituting the capitulum, as in the 
^^1^* Dandelion (Taraxacum); or only in some of them, 

as in the outer florets of some species of Senecio (fig. 239). The 
apex of a ligulate corolla has frequently five teeth, indicating the 
number of its component petals (fig. 316). 
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Besides the forms of regular and irregular gamopetalous corollas 
already described, others also occur, some of which are but slight 
fiiodifications of these, and arise from irregularities that are produced 
in certain parts in the progress of their development. In the 


Fio. 314. 


Fio. 315. 


Fig. 316. 



/’ty. 314. Persooattf corolla of tbe Snapdragon 

rAtrtwm). Ixivserlip. «. Lfpperllp. &. Gibbous 

base, Fig, 316. Personate corolla of the Toadflax 

('Zt/mria), spurred at its base. Fig 316. Ligulate 

corolla of a Conjpositc flower, with hve teeth at its 
apex. 

Fig. 317. Fig. 318. 






Fig. 817. Ligulate corolla of the Ox-eye ( Chrysanthe- 
mum). Fig. 818. Digitaliform or finger-shaped 

oorollaiof the Foxglove {DigUalts purpurea). 

Fig. 319. Irregular rotate corolla of Speedwell 
( Veronica ). 


Foxglove (Ji^. 318) the general appearance of the coroUa is some- 
what bell-shaped, but it is longer than this form, and slightly 
irregular, and as it has been supposed to resemble the finger of a 
VOL. I, ^ 
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glove, it lias received the name of digitaliform or finger -shaped. In 
the Speedwell (fig. 319) the corolla is neaily rotate, but the division^ 
are of unequal size and shape, hence it may be described as bregii- 
larly rotate; and in the Red Valerian the x*orolla is irregularly 
salver -shaped (fig. 321). 

Appendages of the Corolla.— The corolla, like the calyx, 
whether polypetalous or gamopetalous, is subject to various 
irregularities, arising from the expansion or gi’owing outwards 
of one or more of the petals, or the tube, into processes or 
appendages of different kinds. In the Snapdi-agon (Jig, 
314, 6) and Valerian (Jig. 320), the lower part of the tube of 
the corolla becomes dilated on one side, so as to form a Little 


Fig. 320. 



Fig. 321. 


h'tg. 320, Flower of a bpecich 
of Valerian ( Valertftna). 
c. Calyx, adbereut to the 
ovary 1. Limb of tlio 
calyx rolled inwards. The 
corolla hat? a projection 
towurdfc Itis base, and i.> 
hence said to be gibbou^ 
—Ftg, 321. Flower of the 
Red Valerian f Centmnthus). 
Tlie corolla is irregularly 
Lalver-sbaped and spurred 
at its base. 



pouch or sac; it is then termed saccate or gibbous, this term 
being used in the same sense as previously described when 
speaking of the calyx. In other cases, one or more of the 
petals, or the tube, becomes prolonged downwards and forms 
a spur, when the petal or corolla is described as spurred 
or cakaraie. Examples of spurred petals or corollas may bo 
seen in the Pansy, Columbine (Jig. 323), ToadHax (Jig. 315), 
and Bed Valerian (Jig. 321). Only one s^ur may be present, 
as in the Pansy, or each of the petals may be spurred, as in 
the Columbine (Jig, 323). The Yellow Toadflax, which usually 
produces only one spur, in rare instances is found with five. 
Such a modification of the structure was termed by Linmeus 
peloria, a term which is now frequently applied by botanists in 
the case of all flowers which thus pass from irregularity to 
regularity. In the Monkshood (Jig. 822) each of the two petals 
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which are situated under the helmet -formed sepals already 
•noticed *286) is shaped somewhat like an irregularly curved 
horn placed on a long channelled stalk. 

The corolla is usually composed of but one whorl of petals, 
and it is then termed aittiple; but in some dowers there are 
two or more whorls, in which case it is called multiple. When 
the corolla is composed of but one whorl, its parts in a regular 
arrangement alternate with the sepals, although cases some- 
times occur in which they are opposite to them. The causes of 
those different arrangements liave already been explained under 
the head of the Symmetry of the Flower. 


Fig. 322. Fig. 323. 



Ftg. 322. A portiou ut the flower of the Mouk^liooil {Aconifmn^, with 
numerous Htameus below, aiul two .■-.-talkfl somewliat lioiii siiaped petals 

above. Fitf. 323. I'lower of the Columbine (Aqi(tli<nn nUf/uni>) w*ith 

each ot ith injtalf) ^pu^Te(l. 

On the inner surface of the petals of many dowers we may 
freiiuently observe appendages of dillVuent kinds in the form of 
scales or hair-like processes of various shape's. These are com- 
monly situated at the junction of the claw and limb (.//y. 327, a ) ; 
or at the base of thg petals (//yii. 324 and 320). Such appen- 
dage may be well seen in the Mignonetlie 325), Buttercup 
(.%. 324), Lychnu (Jiy. 327, n), and Grass of Parnassus {fiy. 
326). Similar scales may* be also frequently noticed in gamo- 
petalous corollas near the throat, as in many members of the 
Boraginacece^ particularly the Comfrey, Borage, and Forget- 
me-not (Jig, 808, r ) ; also in the Dodder, and many other plants. 
Sometimes these scales become more or less united and form a 
cup -shaped structure, as in the perianth of the Daffodil (Jig. 828) 

H 2 
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and other species of Narciams ; to this the term corona is 
commonly applied. The beautiful fringes oji the corolla of the# 
Passion -flower are of a similar nature. 

Fig. 326. 



Fm 324. IVtal <>1 ii lUittncuii with a ntrtiii ilen'UJr at ith buho. 

Fui. 325. Out* ol the jietals of Migiiuiiotte {li€M->ln ) — Fn) 32t» A petal 
of tlie Gra'-fei of ^arlla^'^U'' intlubtris) beaiiiij^ a IriiiirtHl K*Hie at 

itf' tiasc. 


The origin of all these scales is by no means clearly 'isr'er- 
tained ; Ity some botanists they have been supposed k* .e de- 
rived from the petals, by others to be abortive stamens ; those 


Fig. 327. 


Fig. 32S. 



Fig. 327. A putal of a spet ieis of Lyihnu. o. Claw. f. Limb. a. Scaly aiJ- 

IKJUfiaKeB. Fig.d2H. Flower of the Daff^lil {JS'arcmm FsenUihimrcmtt6). 

The cui>- or IwU-sliLUpeU proee»« towards the centre is termed a corona. 


occun’ing at the junction of the claw and limb are ligides deve- 
loped on the petals. Formerly many of these appendages were 
described under the name of metaries^ although but few of them 
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possess the power of secreting the honey-like matter or nectar 
^froni which they derived their names; they were therefore 
improperly so tenned. 

Duration of the Corolla. — The duration of the corolla 
varies like that of the calyx, but it is almost always more 
fugitive than the latter. It is eaducnutt if it falls as the flower 
opens, as in the Grape-vine ; commonly it is decidvoiis, or falls 
off soon after the pollination of the flower. In rare instances it is 
in which case it usually becomes dry and shrivelled, 
as in Heaths and the species of Cawpnnuln, when it is said to 
be wnrrrsrnif, 

(3) THE SPOBOPHYLLS. 

The two whorls of sporophylls have been already termed the 
Andra^cium nnd the Gyna^cium or Pistil respectively. 

Flowers which possess both these whorls 
have Ix'en innecurately called hermaphrodite 
or hiAc.rual, a terminology based upon the 
now d' -proved viev' that the stamens and 
carpels are male and female organs. As we 
shall see later, the sexual organs are developed 
upon the gametophytes to which the spores 
give origin. A better term for such flowers 
is amhi^pornnpiafe. When only one whorl 
of sporophylls is present, they are diclinoufi, 
as in Carex {fig. 329) and SaJix {figs. 214 
and 215). Diclinous flowers may be either 
siammaie (figs. 214 and 329) or pistillate 
(fig. 215). In the former case they contain 
only stamens, in the latter only carpels. In 
both a perianth is usually present. When a 
flower possesses neitlier andiMPcium nor gyna?- 
cium, as is sometimes the case with the outer 
florets of the capitula of the Coniposita^ it is 
said to be asiwraugiatc. When the flowers 
are diclinous, both ^taminate and pistillate 
flowers may be borne upon the same plant, 
as in the Hazel, Oak, and Arum {fig. 201), in which case the 
plant is called monoecious ; or upon different plants of the same 
species, as in the Willows, when the species is termed dioecious. 
In some cases, as in many Palms and in the Pellitory, staminate, 
pistillate, and ambisporangiate flowers are situated upon the 
same individual, and then the plant is called polygamous. 


Fio. 329. 



Fiif. 32i». Stftiniimte 
flower of a Hi)eeie‘< 
of CitrvT. The flla- 
menta are long and 
eapillary, and the 
anthera peiidulou'i 
and innate 
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c. The Andrcpcinvi , 

The andrcpcium is the whorl or whorls of sporophylls which, 
in a complete flower, is situated between the corolla or peri- 
anth on the outside, and the g,\Tifeciuni on the inside. The 
leaves or sporophylls bear the mierosporangia, and are termed 
stamens (fig, 384). Each is generally composed of a slender 
portion or stalk, called the filament] and of a club-shaped 
head, u, called the anther ; this consists of a sonis or group of 
four mierosporangia or pollen-saes^ which 
contain the microspores or iwllen-grains. 
In certain cases the anthers are not developed, 
the stamen being then represented by a stami- 
node. This commonly presents a flattened 
appearance, as in the flowers of the species 
of Canna. AVhen, as is rarely the case, the 
filament is absent, as in the Cuckoo-pint 
{fig, 330), the anther is described as sessile. 

Though the mierosporangia are usually 
borne upon sporophylls (stamens), this is 
not without exception. In some arjuatie 
plants, such as the Naiadncece^ and in some 
tropical trees, they occur upon certain portions of the axis. 
When this is the case, the term stamen is still applied to the 
structure bearing them. 

Before discussing the andreecium as a whole, it will be well 
to examine the peculiarities of the stamens of which it is com- 
posed. Each consists, as we have seen, of a filament and an 
anther, the latter containing the pollen. 

1. Thk Filament.— The filament is usually regarded as 
homologous with the petiole of a leaf. Its importance consists 
in placing the anther with its sporangia in a position advan- 
tageous for the dissemination of the spores or pollen -grains. 
It consequently varies in form, length, colour, and other par- 
ticulars ; a few of its more imiioiiiant modifications will be now 
alluded to. ^ • 

Fona.— As its name implies, the fdaraent is usually found in the 
form of a cylindrical prolongation whi^ih generally tapers in an 
almost imperceptible manner from the base to the apex, as in the 
Rose. Sometimes the filament, instead of supporting the anther in 
the erect position as it usually does, beoome.s curved, and the anther 
is pendulous as in most Sedges and Grasses (figs. 329 and 331). 
The filament may become enlarged, when it is frequently^ flattened 


Fio. 330. 



FiO. i^tainrji 

t)f tlio Cnckoo- 
pint {Arum via- 
ntlafu)n)i oon- 
sinting simply of 
an antlier which 
is sessile iijx^n 
the thalnmii>!. 
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ill various ways. In some cases it is dilated gradually from 
^low upwards like a club, when it is clavate or club-shaped^ as in 
Thalicirum ; or it is slightly enlarged at the base, and tapers 
upwards to a point like an awl, as in the Flowering Bush (Butcymus 
nmhellaius) \ in other cases it is flattened at the base, the rest of 
the filament lissuming its ordinary rounded form, as in Tamarix 
gallicn (fig. 332) and species of Cam^mnula [fig. 333) ; the whole of 
the filament may be flattened, assuming the appearance of a petal, 
when it is described as ^v/nZoicZ, as in the Water-lily (figs. 276, e, 
and 346), and in Canna and allied plants. 

The filament may be toothed, in Allium {fig. 334), or as 
in Crambe {fig. 335) ; or furnished with various appendages, as in 
the Borage { fig. 336, u), in which case it is said to be appendiculate. 

Fig. 331. Fm. 332. Fig. 333. Fig. 334. 



Fig. 331. A locusta of Whcnt ( Ti-Utcum xafimm). consisting of several 
flowers, tlie stameii** nf which have very long capillary filaments, and 
verwtilc* pcnduloiH anther^. The anthers are notched cir forked at each 

extremity, and thus resemble R<»inewlint the letter t in form. Fiq.^%2. 

Three of the stamens of Tamnnr gtiUu'u, with their filaments flattened 

at the iMise and nnitefl with each other. Fw. 333. Pistil of a species 

of Campamiht, with a solitary ««tamen whose filament is flattened, 

Ftg. 834. Dilated toothed filament of a species of AUuun. 


Colour mid Direction. — In colour the filaments are generally 
white, but at other times they assume vivid tints like the corolla 
or perianth ; in the Spiderwort they are bjue, in various species of 
Raimnculus and of (Bnothera yellow, in some Poppiea black, in 
Fuchsia red, ^c. 

In direction the filaments, and consequently the stamens, are 
either erect, iucumd, recurved, pe^idulom, &c. : these terms being 
used in their ordinary acceptation. When the filaments are all 
turned towards one side of the flower, as in the Horse-chestnut and 
Amaryllis, they are said to be decimate. Generally speaking, their 
direction is nearly the same from one end of the filament to the 
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other, but in some cases the original direction is departed from in a 
remarkable manner, and the upper part of the filament forms ai? 
angle more or less obtuse with the lower, in which case it is termed 
qmiculate, as in Malwrnia, Some confusion may arise from the 
apparent presence of an articulation in the filament, as.in Euphwhia 
{fig. 338, a). In this case the structure is not to be considered as a 
true filament, but as consisting in reality of a flower-stalk supporting 
a single stamen. The flower here, therefore, is reduced to a single 


Fin. 335. 


Fro. 336. 


Fio. 337. 



336. Oyiieeoinm and audrcBcium of Cmmhe. The longer 

filaments are forkoil. Fig. 38(5. A stamen of the Borage 

( liorago ojficinalin). f. Filament. Ciirvpfl appendage to 

the filament. 1 . Anther. Fig. 337. Corolla of Myosofts 

or Forget-me-not, laid open. Tiiere are five stamens with 
very short filaments attachefl to the corolla and incJudeji 

within its tube Fig. 338. Staminate flower of Fup?u)f’bia, 

consisting of a so'Itary stamen, b, without any floral envelopes surrounding 
It, hence It is said to be naked or achlamydeous. The anther is two- 
lobed, and the connective very small, u." Articulation, Indicating the 
point of union of the true filament and peduncle, />. — Fig. 339. Trans- 
verse section of a young anther of Feotlln pirta. From Schleiden. 

A Back of the anther to which the connective is attached. B, B. Tlie 
two lobes of the anther, a. Y|iscnlar bundle of the connective, d, d, </, d. 

The four microsporangia or pollen-sacs. , 

c 

stamen^all the parts except the latter being abortive. This is prbved 
by the occasional production in some allied plants of one or more 
whorls of floral envelopes at the point ^here joint is situated. 

In the Pellitory (Pnrietaria) the filament assumes a spiral direction. 

Duration. —The filament usually falls off from the thalamus soon 
after the flower openj|,^r is decidtwiis ; but in rare cases, as in the 
species of Camponule^ fit is persistent, and remains attached to the 
ovary in a withered con^lition. 
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2. The Anthkk. — The anther ir essentially a cluster or . 
tonis of microsporangia, the latter being coherent together. 
The number of the sporangia varies in different families ; there 
are many in s6me of the Cycads, two in the genus Pinus^ and 
usually four in the Angiosperms. The sorus is not covered by 
any indusium as in the Ferns, though this structure is repre- 
sented in the young anthers of the Cuprrmnea^ by a slight out- 
growth from the surface of the sporophyll. The sporangia 
being coherent together, the anther has usually a somewhat 
swollen appearance. Their disposition enables us to observe 
in a transverse section two parallel Johen^ b, b, separated by a 
poiiiion. A, rt, called the connective, to which the filament is 
attached. Each lobe shows the cavities of two microsporangia, 
r/, d, d, separated b>' a septum which passes from the con- 
nective to the walls of the anther. The mierosporangia contain 
the pollen-grains or microspores. The antheis of Angiosperms 
in an early stage of development possess four microsporangia, 
and this is considered the normal state. 

When a fully developed anther exhibits a similar structure, as in 
the Flowering Rush, it is four relled or qnadvihndar ( tigs. 340, b, 
and 361, /) ; when, as is far more commonly the case, tin* partitions 
separating the two sporangia of each anther-lobe become absorbed, 
it is two-celled or hilocnlar {fig. 360). In rare cases the anther is 
unilocvlar, or one-cellcd, as in the Mallow (fig. 359), Milkwort (fig. 
341), and Lady’s Mantle (fig. 342) ; this arises either from the 
abortion of one lobe of the anther and the absorption of the septum 
between the two sporangia of the lobe that is left, or from the 
destruction of the partition wall of the two lobes as well as of the 
septa between the sporangia of each lobe. In many species of Salvia. 
the connective becomes elongated into a kind of stalk, each end of 
which bears an anther -lobe ( fig. 343). When this occurs one lobe 
only, If, contains pollen ; the other, Is, is sterile. That surface of 
the anther to which the connective is attached is called the back 
(fig. 339, a), and the opposite .surtace, b, b, is the face. The latter 
always presents a more or less grooved appearance (figs. 339 and 
344, c), indicating tlte line of junction of the two lobes. Each 
lobe? also commonly presents a more or less evident furrow 
(fig. 344, ft), indicating the point at which the mature anther will 
open to discharge tl^ polleH; this furrow is termed the suture. By 
these furrows the face of the anther may be generally distinguished 
from the back, which is commonly smooth (fig. 339, a), and has 
moreover the filament attached to it. The ;(we is generally turned 
towards the gyniecium or centre of the floW^, as in the Water-lily 
(fig. 346), Vine (fig. 344), and Tulip (fig. $47), in which case the 
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anther is called introrae ; but in some instances, as in the Iris and 
Meadow Saffron ( fig. 345), the face is directed towards the petals Of 
circumference of the tlower, when the anther is said to be extrorsp. 


Fig. 340. 



Fig. 341. 


Fig. 342. 



Fig. 344. 


Fig. 343. 




/’/</. a4a. Four-ocllo«l nntlu*r of the Flowering Ru'^h (Itiifomnx lauffcllatuK). 
a. Fllftmcnt heaiiag an entire aiitlier, 6. Seetion of the aiitlier with its 

four eellR. Fig. 341, Andra*cium of Milkwort. (/*o/»/i 7 fl/e),witii eight one- 

celled anthers dehlflcing at tlieir apex. -Fig. .342. One of tin* stainens of 

the Lady’s Mantle {AlchemiJla). The anther is one-eelled, nnd dehiscen 

transversely. Fig. 843. Stamen of the Sage (3aMa). f Filament. 

c. Elongated eonnective, separating the two lobes of the niither, one of 

whicli. If, produces pollen, while the other, U, is j^erile. Fig. .344. The 

audroBoinm and gynoE’oium of the Vine (VitU rinyt^m). ft. Anther. 
r. Furrow in its face which is turned to\\*arils the i)i8til or gyniecluirf 

h. Suture or line of dehiscence. The anther is introrse. FigfU6. The 

{•crianth cut open, showing the stamens, of the Meadow Saffron { Cohhicum 
atiftmnalt'), with extrorse anthers. 


Attachvienf of the Fihwieni to the Antlu^r . — The mode in which 
the anther is attached to the filament varies in different plants, but 
is always constant in the same species, and frequently throughout 
entire Natural Orders, and hence the characters afforded by such 
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tlifferenceB are important in Bystematio botany. There are three 
njpdes of attachment, which are distinguished by special names. 
1st, the anther is said to be adnate or dm^aiflxed when its back is 
attached throughout its whole length to the filament, or to its con- 
tinuation the connective, as in the Magnolia {fig. 350) and Water- 
lily (fig, 346) ; 2nd, it is imiaie or te?’//. red when the filament is only 
attached to its base, and firmly adherent, as in the species of Carey' 
{ fig. 829) ; 3rd, it is rersatile^ when the filament is only attached by 
a point to about the middle of the back of the connective, so that th<‘ 
anther swings upon it, as in Grasses generally {fig. 331), and in the 
Lily, Evening Primrose, and Meadow Saffron. 

Connective . — The relations of the anther to the filament, as well 
as of its lobes to each other, are much influenced by the appearance 


Fio. 346. 


¥m. 347. 



/’iV. 34(J. A itoi’tion of the Ihtwer of the White \Vatev-hl\ ( V(itiipfnta 
shott’inj? the gj^nn^eium investctl hy a large llesliy disc which J'^ pro- 
longed from the thalamus. Below the pi«til are some stamens which have 
petaloid filaments and atliiatc intn)r=5e anthers ; two petals are sliown, 
the others having been removed. — fip. .317, Gynrecmm and andrcecinm 
of the Tulip. The -stamens ei and ct- have intror^p anther'^, whieli dehisee 
longitudinally. 


and size of the connective. In all adnnte anthers the connective 
is large, and the lobes generally more or less parallel to each other 
throughout their w'hole length {fig. 350). In other cases the con- 
nective is very small, or altogether wanting, as in species of EupJwrbia 
{ fig. 348), so that the lobes of the anther are then immediately in 
contact at their base.. In the Lime the connective completely 
sepai;ptes the two lobes of the anther {fig.^Si^). In the Sage and 
other species of Salvia the connective forms a long stalk-like body 
placed horizontally on the t()p of the filament ; one end of it bears 
an anther-lobe, Ifi containing pollen, the other merely a petaloid 
plate or abortive anther-lobe, Is (fig. 343) ; it is then said to be dis- 
tractile. Sometimes the connective is prolonged beyond the lobes of 
the anther ; either as a little rounded or tapering expansion, as in 
the Jdagnolia {fig. 350), or as a long feathery process, as in the 
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Oleander (Jig. 352), or in various other ways. At other times, again, 
it is prolonged downwards and backwards ns a kind of spur, as jn 


Fig. 348. Fio. 349. Fig. 350. 


Fig. 351. 


Fig. 352. 



Fiff. .^48. A male naked flower of a <tpeoies of FupJwrbia, showing 
the two lobes of the anther, and the almo«:t total nbsetieo ol 

the connective. Fio- 349. A stamen of the Lime {Ttiw). 

showing the large connective separ.oting the lobes of the anther. 
-- — Fio. 350. A view of the hiner faee of a stamen of Magnolin 
oittiical showing the atlnnte anther and prolonged connective. 

Fig. 361. Two stamens of tlie Pansy {VioJn fncolor). 

The connective of one of them is prolonged downwards in tlie 
form of a spur. Fio. 362. Sagittate anther-lobes of the Olean- 

der {Xef'ium ohander), and the prolonged featherj’ connective. 



the Pansy (fuj. 351). Anthers with such appendages are termed 
appendiculate. 

The lobes of the anther also, like tlie connective, frequently 
present appendages of variou.s kinds. In Ei ica cinerea they have a 


Fig. 353. Fig. 354. Fig. 355. 



Fio. 36.3. A stamen of a .speck's of Acaluphn in a >onng .state. /. Filament. 

1. T.iuear antlicr-lolK'S. Hg. 364. A stmiieu of MtrcnHdlit anniut. 

f. Filament, r. Connective. /, 1. Rounded anther-lobes dehiscing longi- 
tudinally. Fig. 366. Tlie linear and sinuous anther-lobes, /, attached to 

tlie filament,/, of the common Uryony {Bi'yonin dioirn). 

flattened leafy body at their base {Jig. 35C, a) ; at other times the 
surface of the anther presents projections in the form of pointed 
bodies {fig. 357, fl), as in Vaccimuvi uliginosum^ or warts, &q. Such 
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anthers, like those which present appendages from the connective, 
termed a})i>endiculate> 

Dehiacence of the Anther , — When the anthers ai’e perfectly 
ripe the pollen* sacs or niiscrosporangia open and discharge 
their contained pollen {fiy, 859); this act is called the dehiecence 
of the anther. Dehiscence commonly takes place in the line of 
the sutnres {/if/, 844, 6), and at the period when the dower is 
fully expanded; at other times, however, the anthers burst 
before the dower opens. All the anthers may open at the same 
peiiod, or in succession ; and in the latter case the dehiscence 
may either commence with the outer stamens, as is usually the 
case, or rarely with the i: 

Fio. 850. 


I 


Fig. 366. AppenUiculate anther attached t<' filament,/, of the Fine-lea\ei1 
Heath {Enca cmerea). a, Appeinlage. L Ciohes. /. liiiteriil short &lit 

where (Ichitioence Uikch place. Fuj. 357. Jjifurcubc anther of Vaccmmin 

uUgtnosuin attached to lilamcnt, /. /. Anthcr-lobcb. n, Aiipendapos. 

p. Point*, of the aiithcr-lohct- whcic dchibccnce takcc. plaOc. /'a/. 35H. 

Quadnfurcate anther of Uaulthena pi ocnmhcm^aiXAK'hvyX to Olament, i. 
1. Anthcr-lobeb. 




The dehiscence of the anther may take place in four different 
ways, which arc respectively called: 1. Lunijitudimil ; 2. Trans- 
verse ; 8. Poroics ; 4. Valvular. 

1. Longitudinal o^’^SuUiral. — This, the usual mode of dehiscence, 
consists in the opening of each anther-lobe from the base to the apex 
in a longitudinal direction along the line of suture, as in the Vine 
{jiij. 844, c) and Tulip {jig. <kl7). 

*2. Tranitverse . — This kind of dehiscence occurs in unilocular 
anthers, as in those of Alcheniilla (Jig. 842), Letnna, and Lavandula. 
It sometimes happens that by the enlargement of the connective the 
loculus of a one-celled anther is placed horizontally instead of 
vertically, in which case the dehiscence when it takes place in the 
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line of the future ia apparently transverse, although it is really 
longitudinal. An example of this kind of dehiscence is afforded iy 
the Mallow and other plants belonging to the Natural Order Malvacthc 
{.li'J. 35‘J). 

8. Porous or Apical.— Thin is a mere modilication of longitudinal 
dehiscence. It is formed by the splitting down of the anther-lobes 
being arrested at an early period so as only to produce pores or short 
slits. In such anthers there is commonly no trace of the sutures to 
be seen externally. The pores or slits may be situated either at the 
apex, as in the species of SoUinum { juj. 8r>8) and Milkwort 341) ; 
or laterally, as in the Heaths Hob, r). There may be either two 


Flo. 35h. 



Fi^. 369. Stamen of the Mallow {2falia), the aether of whioli hat an appa- 
rently tran^ver^e ilehiheenf^c. Fi'j. 360. Twu-eelleO antlicr of Pytoln 

rotundifolia, buspenderl from the filament, /. ^ !Loculi, eacli opening by 

a pore, jk Fti]. 361. QuadrilocuUr anther ot Pontntfiera, attach^ to 

filament,/. /. Loculi, each opening b> a ixae, p. -Fit?’ ^162. Anther of 
TtU aihet'a junce*! , opening by a bingle pore at the hix\v. The^e tiguics aie 

from JuPbieii. Fhj. 363. Anther-lobco ot a j^pecie-^ of Solan nm^ i‘hc1i 

ofieniug by a iwrc at the aiHJx. 


pores, as is usually the case {fiij. 360, ;>), or four, as in Porantlwra 
(jig. 361, j>), or many, as in the Mistletoe, or only one, as in TetratJieac 
iuncea {Jig. 362). 

4. Valvular.' - Thin term is applied when the whole or portions 
of the face of the anther open like trap doors, which are attached at 
the top and turn back as if on a hinge. In the Barberry (jig. 364) 
there are two such valves ; in plants belongirjg to the Laurel family 
{tig. 36o) there are two oi four, according to the number of the loculi 
of the anther. 

We may now consider the andrceciuui as a wht^ from tlio 
point of view of the relations of the stamens to each other, and 
to the other whorls of the flower, noting the following points: — 
1. Number; 2. Insertion or Position; 8. Union or Cohesion; 
4. Relative. Length. 
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1. Nmnhet\ — The number of the stamens is subject to con* 

variation ; normally they are equal in number to the 
sepals and petals, the flower being inostemonoiis^ sometimes 
they are twice as numerous (diploatemonous). The number 
may, however, bear no exact relation to .the number of the 
perianth leaves, the irregularity being due to various causes 
which will be discussed later. 

When the stamens are free their number is expressed by the 
Greek numerals prefixed to the termination -androus; a flower 
having one stamen is monandrouss^ one with two, dumdrous^BAid 
so on. 

2. Insertion or Position or Adhet^ion. — When the stamens 
are free from the calyx and pistil, and arise from the thalamus 


Fkt. 864. 



Fig. 364 AutUer of Barberry ^Ber-hens 
lulfjdju)^ opemnq: by two valves. 
Fig. 366. Stamen ol a species of 
l.auru*. f. Filament, with two 
firlauds, g, at its baso. /, /. Loculi, 
of wbicii there are lour. r. Valve.*. 


Flo. 865. 



below the latter organ, as in the Barberry (y///. 898) and Cro^y- 
foot {Jig. 366), they are said to be hgpo(jynou.s; this is their 
normal position. When tlie stamens are attaclied to the corolla, 
as in the Primrose (Jig. 367), they nvo epipctaloan. When they 
apparently adhere to the receptacular tube, so that their posi- 
tion becomes somewhflt lateral to the pistil instead of below it, 
as in*the Cherry (Jig. 368), they as well as the corolla are said to 
be i)eriggnous. When the thalamus or the calyx is adherent to 
the ovary, so that the calyx appears to arise from its apex, the 
intermediate stamens and petals or corolla are also neoessaiily 
placed on the summit, and are said to be epigynous^ as in the 
species of Campanula (Jig. 369) and Ivy. It sometimes happens 
that the stamens not only adhere to the ovary or lower part of 
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the pistil, as in the epigynous form of insertion, but the upper 
part of the stamen or stamens and that of the pistil become com- 
pletely united also, anti thus form a column in the centre of the 
flower, as in Orchia {fiy. 870) and AriatoloMa 871) ; this 
column is then termed the fjynoateniium, and the flowers arc 
said to be fjynandroua, 

8. Union or Cohesion . — When the stamens are perfectly free 
and separate from each other, as in the Vine (fig. 844), they are 
said to be free or polgandroiis; they may, however, be united 
by either their filaments or their anthers. 

When the anthers are united, the stjini(‘ns are termed syn- 
genesioiis or synantJicnms (fig. 872). This union occurs in all 


Fig. 860. 



Fig. 307. 



Fig. 308. 



Fig. 366. Apocarpous pibtil of tLe Crowfoot (/lanunculu 9 \ with two stamens 
arl&ingr from tlie thulamuh below it. or liypo^ynous. — - Fig. 367. Yertieal 
section of a flower of the Primrose ('/’/•imtt/rt), showiiitjr epipetalous stamens. 
The pistil in the centre has an ovary with a free central placenta, one st} le, 
and a capitate stigma.— Fig. 36S. Vertical section of the flower of the 
(Cherry, shovving tlie perigyuou^ btameiis burromiding the pistil. 


the CompositcEj the Lobelia, and in some other plants. When the 
anthers are thus united the filaments are commonly, though not 
always, distinct. When cohesion occurs in the staminal whorl, 
however, it is more usual to see the filaments united, and the 
anthers free. This union by the filaments may gather them into 
one or more bundles, jthe number being ^expressed by a Greek 
nmueral prefixed to the termination -adelplious. When ail the 
filaments unite together and form one bundle, as in the Mallow 
(fig, 378) and Wood Sorrel (fig. 87%), the stamens are said to 
be monadelyhoiis. When such a union takes place in a 
complete flower, the coherent filaments necessarily form a 
tube or ring round the pistil placed in their centre, as in the 
Wood Sorrel (Jig. 874); when the pistil is absent, and the 
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riower therefore meuinplete, the united hlameuts form a more 
oij*^ less eeJitral column, a8 in Jatropha CtirraH { fit/. 875, 


Fig. 889. 


Fig. 370. 


Fig. 371. 




Fi{f. 51(1^1. VcrtionI section of the flower of o siieeies of Camponubty with epi- 

tfynoiis stamens. /’u/. 370. Flower of Oichi.s masculn. I’he eoluinn in 

the eeiitiv is forniel by the union of the «jtninena nnil style.- - -/V/;. 371. 
The pistil and stnuiens of Thrthwort {Anittolwhin). 1'lie ovnry is -^een 
below, and the stamens above nniteil into a eohnnn witli the style. 


When the tilamentn unite so as to form two bundles, the 
stamens are termed diadelphnits, as m the Pea (Jig. 876), 


Fig. 37*2. ' Fig. 378. 


Fig. 374. 


Fig. 875. 


Figf‘672. Syngenesloua anthers of asiiecies ot Thisth- i^u^arduus). Fig. 373. 

Monadelphous stamens of a species of Mallow (A/aha ). Fig. 374. Moua- 

delphous stamens of Wood Smrel (Ovalis). forming a tube round the pistil. 

Fig. 375. Male flower of JatropHa Curcai. c. Calyx, p. Corolla, e. Sta- 
mens united by their filaments Into a tube, a. which occupies the centre 
of the flower, as there is no pistil. 

Milkwort (fig. 341), and Fumitory ; the filaments in each 
bundle may be equal in number, as in the Milkwort (fig. 841} 
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and Fumitory; or unequal, as in the 8weet Pea {fiij. J376), 
where there tire ten Btamene, the hlainente of nine of them 
being united to form one bundle, while the other filament 
)'emainR free. The bundle in this case is made up of fi\'e 
stamen sibelonging to one whorl and four belonging to the other, 
the andropcium in the Pea family being composed of two whorls 
with five stamens in each. When the stamens are united by 
their filaments into three bundles, they are iriadclpliona, as in 
most species of St. John’s Wort (fig. 1178) ; and w’hen in more 
than three, pohjadelphoitH^ as in the Orange {fig. tMl). 

The union of the filaments in the above cases may either he more 
or less complete, extending over their whole length, and thus form- 
ing a tubular column round the style or styles, as in the Mallow 

Pm. 377. 



Fip. 370. Dia<lelpbons «tampn« of tlip Sweet Pen i/.nfhn/ tfH othmttm), Hnr- 
roundinp the «!»inple pi-^til. 'J'lieir are ten stamens, nine of whioli are 

united Hiid one free*. Fiti, :{77. Flower of the Oranpe dlvecttnl of it** 

rorolln, to sliow tlie ]K>lya«le]phons stamens. 


(fig. 373) and Wood Sorrel (fin. 374) ; or the union may only take 
place at the base, as in Tamarix gallica (fig. 332). The bundle 
or bundles, again, may be either unbranebed, as in the Wood Sorrel 
(fig. 374) ; or branched, as in the Milkwort (fig. 341) and Castor-oil 
Plant (fig. 379). When the united filaments form a tube or column, 
the term midrophoi'e has been applied to such a structure, as in the 
Mallow (fig. 373) and Wood SoiTel fig. 37^. 

4. Relative Length . — There are two separate subjects-! to be 
treated of here, namely, the relative length of the stamens with 
j-espect to the corolla ; and their lei^h with respect to each other. 
When the stamens are shorter 'than the tube of the corolla, so as to 
be enclosed within it, as in the Forget-me-not (fig. 337), they are said 
to be incltided ; and when they are longer than the tube of the 
corolla, BO as to extend beyond it, as in the Valerians (figs. 321 and 
380), they are exserted ox protruding. 
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Tht' relative len^^th of the stamens with respect to each other 
pitsents several peculiarities. Sometimes all the stamens of the 
flower are nearly of the same length, while at other times they are 
very unequal. This inequality may be altogether iiTegular, |ollowing 
no definite rule, or take place in a definite and regular manner ; 
when the flowers are polystemonous, the stamens nearest the centre 
may be longer than those at the circumference, as in Luhea paniai- 
lata (fig. 381) ; or the reverse may be the case, as in many of the 
liosacece. In the case of diplostemonous flowers, such as the Willow 
Herb (Epilobwm), the stamens alternating with the petals are almost 
always longer than those opposite to them. When the stamens are 
of two dilTerent lengths in different flowers of the same "species, as in 

Fin. 378. Fin. 379. Fin. 380. 





Fi(/, 378, Tlie pistil, Gf, of aguplmcum, surroiuirled by the sta- 

mens, e, e. which are uiiital by their filament'^,/,/, into thive bundles.- — 

Fig. .379. One of the branched bundles of stamens of the Cnstor-oil Plant 

( Ricinus conimunif). f. United fllanients. / 1 / 7 . 380. Flower of a species 

of Yalerian ( ValeHaintX showing the stamens prolonged beyond the tube 
of the corolla, exserted. The corolla is gibbnuH at the base. 

the Primrose, the latter are said to be dunmphic. This condition 
will be afterwards alluded to in speaking of fertilisation. 

When there is a definite relation existing between the long and 
short stamens with respect to number, certain names are applied to 
indicate such foims of Agularity. In the Wallflower (fig. 382), and 
other members of the CrucifercSf there are six stamens to the flower, 
of which four are long and arranged in pairs opposite to each other ; 
alternating with these pairs ar^ two solitary shorter ones ; to such an 
arrangement we apply the term Mradynamous. When there are but 
four stamens, of which two are long and two short, as in the members 
of the LabintcB (jigs. 311 and 313), and in the Foxglove (jig. 888), 
and most other plants of the Natural Order Sct'ophulariacecs, they 
are said to be dtdynanwus. 

N 2 
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3. Thk Pollen. — The pollen consists of microscopic cells 
wliich correspond to the microstores of the higher Cryptogams. 
They possess two coats, known as the cxtine and the infinc. In 
rare cases the outer coat appears to consist of two, or even 
three, layers ; while in Zostera^ Zamiichellia, and some other 
submersed aquatic plants, there is but one membrane, which is 
of a similar nature to the in tine. 

The intine is the innermost layer, and appears to be of the same 
nature and appearance in all pollen-grains. It is usually smooth, 
very delicate, and transparent, and is composed of unchanged 
C9llulose. 

The ertine is a hard thick resisting layer, and is liable to great 
variation ; it is sometimes smooth, at other times marked with little 


Fin. 881. Fin. 882. Fin. 888. 



fig. 381. One of the Imndles of 8t«nien<» of Lnheo pnniculnta ; the innei 
stamens on the right are longer than the otIier>». and are provided witli 

anthers ; the shorter stamens are generally sterile. Fxg. 382. Tetra- 

dynamous stamens of the Wallflower {Chexranthus Cheirl). Fia. 383. 

Didynamous stamen® of the Foxglove (Digitain pinpuren^. 

granular processes, or spiny protuberances (fig. 384), or reticulations 
(fig. 388). The nature of these markings is always the same for 
the pollen of any particular species or variety of plant, but varies 
much in that of diffejrent plants. The eatine is often covered by 
a viscid or oily secretion. The colour of pollen -gi'ains is found in 
the extme. In by far the majority of cases they are yellow, but 
various other colours are also occasionally found ; they are red in 
species of Vn hascmn, blue in some species of Epilohium, black in 
the Tulip, rarely green, and occasionally of a whitish tint. 

Besides the various markings just described as existing on the 
extine, wo find also either pores (fig, 387) or slits (figs. 386, /, and 
880, /), or both pores and slits, which vary in number and arrange- 
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ment in difierent plants. In the greater number of Monocotyledons 
thjre is but one slit ; while three is a common number in Dicotyledons. 
Sometimes there are six, rarely four, still more rarely two, and in 
some cases we find twelve or more slits. These slits ai’e generally 
straight (fig. 385,/), but in Mimulus moscJiatus they are curved. 
Other still more complex arrangements occasionally occur. 


Fig. 384. Fig. 385. Fig. 38(;. Fig. 387 



Hi/. 384. I'oUeii of Hollyliock (Alf/upit rosea).- 385. Elliptical pollen 

of Milkwort e. Extine. /. Slits. /'V. 386. The same pollen 

vicwefl fnini above. -F/f/. 387. Polleii-oell of Dacftjlis glomeroto. After 

.IlJhClPU. 


The pores, like the slits, vary in number. We commonly find 
one in Monocotyledons, as in the Grasses ; and three in Dicotyledons. 
Sometimes, again, the pores are very numerous, in which case they 
are either irregularly distributed, or arranged in a more or less 
regular manner. The pores may be either simple, or provided with 
little liddike processes, as in the Passion-flower (fig. 388, o, o, o) and 


Fig. 388. Fig. 380, Fig. 390. 



Fiy. 368. PoUeu of the Paaslou-tlower (Passifioi a)j befoiu bursting, w, w, o. 

LM-llke processes. Fig. 389. Pollen of the Gourd, at the period of 

bursting, o, o. Lid-liko processes of the extiuo protruded by the projec. 

tions, t, G of the intlne. From Jussieu. Fig. 390. Trigonal pollen of the 

Evening Primrose {(Eno^herahiennU). 

Gourd (fig. 389). These processes (fig. 389, o, o) are pushed olt by 
corresponding projections of the intine, /, t, when the pollen germi- 
nates ; hence such pollen-grams have been termed uperciilatr. In 
the pollen-grains of some of the Firs, the extine is expanded 
on two sides to form two curious bladder-like protuberances 
{fig. 391). 

The pollen-grains are usually free in the loculi of the antlier. 






18 ^ 2 , 


MANUAL OF BOTANY 


Sometimes, though rarely, they adhere to a greater or less extent 
to each other. We have groups of four in Periploca graca, ei^t 
in Inga ononiala\ or some higher multiple of four, as in manv 
species of Acacia. In the Onagraccce, the pollen-grains are loosely 
connected by long viscid filaments or threads ; while in the Orchid - 
acecc those of each pollen -sac cohere together and form pollen - 
masses, to which the name of jKtllinia has been given { tig> 392, y;). 
In the AacUpiadacciC somewhat similar masses occur (fig. 393, 

Fig. 391. 



Fig. 391. A. rollen-graui of lUcat e.icelm, tebowmg coumieuccnjent ol 
gerinluatiou. ir, w. The wiug». 1. The large vegetative cell ; its itroto- 
plasm is contracted ; n\ its nucleus ; 2, 3, the tw o collapsed cells ; 4 and fi, 
the stalk cell and generative cell not yet completely divided from one 
another. B. A little older grain, showing- germination a little furthei 
udvaniHid and the pollen-tulje beginning to appear as an outgrowth of the 
largo cell, 1. Lettering as before, c. More ^vancetl stage, showing only 
upper part of the pollen-tube. The generative cell, 6, has divided into 
two, each with a ven' large nucleus, x 240. After Strasburger. 

p and 6) ; but in the latter the whole surface of each pollen -muss is 
invested by a special (fevering. By a careful examination ot these 
pollinia we find that they are formed of definite masses agglutinated 
together, and, when separated, each ^f these masses is found to 
consist of four pollen -grains. In the pollinia of the Orchidaccic wc 
also find other peculiarities ; each is prolonged downwards in the 
form of a stalk called the caudicle (fig. 392, c), which adheres 
commonly at the period of dehiscence to one or two little glandular 
masses called refinacula (figs. 394, a, and 392, r, /•). These are 
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placed on the upper .surface of a little projection called the rostellum, 
^tuated at the base of the anther. 

Pollen-grains are found of various shapes. The most common 
forms appear to be the spheiical ( fitj. 384) and ovoid {Jirj. 385) ; in 
other cases they are polyhedi*al, as in Chicory {Cidwrium Intyhiis) 
and Sandius paluatris, or triangular with the angles rounded and 
enlarged (trigonal), as in the Evening Primrose {CEnothcra bitmnis) 
and other plants of the order Onagraa^tii (fig. 300), or cubical as 
in Basellci alba, or cylindrical as in Tmdeacantia virginica, while 
in ZosUra they are thread-like or of the form of a lengthened tube 
or a cylinder ; other shapes also occur. The form of the pollen is 
materially influenced by differences of dryness or dampness. The 


Fm. 302. Fm. 303. Fio. 3',)1. 



/'/«/. rullnim, p, of .1 t-pccios of Uirhi-. with thuir ouu^licle^, c, luihenui^ 
to the rctiimcnlu, r, r.—t'm. 303. I'lhtil of u of AKckpia^^ with 

thi* polliiiiH, twlhunui? to the* stigum, .s. b. Folleii-uuiases i$opurutc-(l. 

Fuj. 394. Upper part of tlio liower of im Orchis, sliowiiig the iiolliuui 
lulhering to tlie colmun by the ivtlimoula, o. 

pollen-grains of the Purple Loosestrife \Lijthriiin. Salicariii) and 
some species of Passion-flower are ovoid when dry, but when placed 
in water they swell and become nearly globular. Again, when 
spherical pollen -grains are exposed to the air for some time they 
frequently assume a more or less ovoid form. 

In size, pollen-graiffs vary from about to of an inch in 
diaineter ; their size, however, like their form, is liable to vary 
as they are examined in a dry state or in water. 

d. The G^ijnceciam or Fistil. 

The gyntreium, or pistil, consisting of a variable number of 
constituent sporophylls, or enrpeh, occupies the centre of the 
dower, the andrcecium and floral envelopes being arranged 
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around it when they are present ; the floral envelopes alone 
surround it in the ordinary pistillate flower ; while it stands 
alone when the flower is pistillate and naked. Its sporophylls 
are much more frequently united together than those of the 
andro'cium, so that a compound ovary is of very common 
occurrence {figs. ‘661^ 897). 

Fig. 395. Fig. 39(). Fig. 397. 



/'i//. 396. Pibtil of J’rmiro^e (/ViWMf/f r w/yrf oouipcweil of ht-vcml umtol 
carpels, and lienee teruie<l coutpoimd and syncarpous, Theix* ih but one 
style, wliicli IS teurinounteil b}' a capitate stigma. — A’v/. 396. Simple 

pistil of Broom, o. Ovary. «. .Style. (. Stigma. Fiu- 397. ("ompouml 

'^yncarpous pistil of Tobacco Tabtmim). f. Tliul.imus. o. Ovary. 

5. Style, g. ('Japitatc ntigmn, Fig. 398. VertiiJal section of the ovary of 

the BarlHirry ( litft betis vulguHs). on the outside of which are seen a btaincn, 
dehiscing by two valves, and a petol. o. Ovary, or. Ovules attaclied to a 

projection callai the placenta, p. ft. Sessile stigma. Fig. 399. Vertical 

ficctiou of the flower ( 4 f the Pmony (J^ceonui). lis. Dorsal suture of the 
ovary, rs. Ventral suture. • 

When there is but one carpel, as iti the Pea {fig. 406), Broom 
(Jig. 396), and other members of the Legmninosce, the pistil is said to 
be simple’, when there is more than one, it is described as 
whether they are distinct from each other, as in the Crowfoot 
(yi^. 366), or combined into one body, asm the Tobacco (jig. Bil7) and 
Primrose (fig. 367). 
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Each carpel consists typically of three parts : Ist, of a hollow 
•inferior portion called the ovary (fig. 898, o), containing one* 
or more little somewhat roundish or oval bodies called ovules (or) 
or megasporangia ^ which are attached to a projection on the 
walls termed the placenta^ p ; 2nd, of an apical sticky portion 
called the stigma ; 8rd, of an elongated stalk rising from the 
ovary, and Rearing the stigma. This is called the style. In 
some cases it is not developed, and the stigma is said to be 
sessile. The terms ovary, style, and stigma are applied in 


Fig. 400. Fig. 401. Fig. 402. Fig. 403. 


Fig. 404. 



h'vf, t(Hl. A iKirtiiiii of tlio <*l‘ /h(^hN^’ Lniifenln, o, Siiimait of tlic 

«»vjir.v. f. Style teniimiitwi l>y :i htifnim, .s. - -/'V//. 4Ul. A portion of the 
of nitaifayo mduttlU. o. Summit of the ovary, f. Stjle. s, k, Jii- 
luteral Ptij^oni. The above tiguiv-j arc from .Jussieu. />>/. 4U2. I’lhtil of 
the Periwinkle (Vittca). o. Ovary, f. St>le. s. Hairy htigma. d. Disc. 
A’l}/. 403. Ventral view of the pistil of hopyrnm bUrrmaum^ showing the 
• loiible stigma. hg. 404. Pistil of AVheat ( TnlirUm fttUvum ) surronmleil 
h> tliree stameiis and tliree squamulie, 'I’wo feiitlicry styles or stigmas 
arise* from tlie top of the ovary. 


precisely the same sense, when speaking of a compound pistil in 
which the parts are* completely united*(^f/«, 867, 895, 897), as 
in Ihe case of a simple carpel. The monocarpellary ovary has 
tw^o sutures, one which corresponds to the union of the margins 
of the lamina of the carpellary leaf, and is turned towards the 
axis of the plant ; and anotlier which corresponds to the midrib of 
the lamina, nnd is directed towards the floral envelopes or the 
circumference of the flowei'; the former is called the ventral 
(fig. 899, vs), tlie latter the dorsal (ds) suture. 
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When the gynjecium is formed of but one carpel, as in the 
Broom {Jiy. 81)6) and Pea {fiy. 406), it is, as we have already 
seen, called nitnplr, and the terms f/t/fuecium, or plaUl, and 
varpel are then synonymous; when there is more than one 
cai’pel, the pistil or gynsecium is termed vonipoiuul (figa. 895 
and 410). In a compound pistil, again, the carpels may be 
either separate from each other, as in the Stonecrop {fig, 284) 
and Pheasant’s* eye {fig. 410) ; or united into one body, as in 
the Primrose {fig, 895), Carnation {fig, 406), and Tobacco {fig, 
897) : in the former case the pistil is said to be apocarpous^ in 
the latter syncarpous. The number of carpels of which the 
pistil is composed is expressed by a Greek numeral prefixed to 


Pio. 1U5. 



Fig. 406. 



/■></. 4ur>. of JJ/aiifhiiS f'ntyophyUns 
oil a btalk, //, rullcfl the pyiiophou'. 
• 'flow which jh tlie pwlum lc. Un tlu' 
top of the ovary are two btylen, tin 
face of each of which is traversed 1)\ 
.1 contiiuioiis Btipumtic siirfacc.- 
/V//. 406. I’istil of LnfhyiU'< odvraftis, 
o. (»vary, c. i’eraisteut culyx. On 
the top of the ovary is tljc style and 
stipmu, 


the termination -ggnuus; and the llower receives corresponding 
names accordingly. A flower with one carpel is ; 

with two, digynoas^k amd so on, 

1. Apocarpous Pistil , — An apocarpous pistil may consist of 
one or more carpels, and they may be arranged in various wa^s. 
When there are but two, they are always placed opposite to 
each other ; when ther® are more than tWo, and the number 
coincides with that of the sepals or petals, they are usually 
opposite to the latter ; it is rare, however, to find the carpels 
corresponding in number to the se^s or petals ; they are 
generally fewer or more numerous. The carpels may either he 
juTanged in one whorl, as in the Stonecrop {fig. 284), or in 
several whorls alternating with each other, or they may form 
a moi’f or less spiral arrangement upon the thalamus. 
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When an apocarpoub pistil ia thus found with several rows of 
^ carpels, the thalamus, instead of having a nearly flattened top, as is- 
usually the case when the luimber of carpels is small, frequently 
assumes other forms; in the Magmha and Tulip-tree, it becomes 
cylindrical (lig. 407) ; in the Kaspberry (tig> 409, 1) and llanunculm 
(tig. 300) conical; in the Strawberry (jig. 408) hemispherical; 
while in the Rose {jig. 285, r. r) it is hollowed out like a cup, or urn, 
and has the carpels aiTanged upon its inner surface. These varying 
conditions of the thalamus necessarily lead to corresponding altera- 
tions in the mutual relation of the different carpels which compose 
an apocarpous pistil, and modify very materially the appearance of 
different flowers. 


¥iii. 407. Fio. 408. Tio. 409. 



f'li/. 4t . Oiitral iirtrt of the llo\Ner ot the TuUp-trtH' { Unoilt'inivon 
n. I'he tliulaiiiu.', ", In uiore or cylindrical, f, c. Ourpela. 

ell'. /’/(/• Stu'tum of Uiu, flower of the Stniwloerry. The 

Ibalauiiia ih nearly lieui{>phfriertl,aiid beai-h <i nuinlier of ssepuratc carpels on 
its iippei’ ptu’tioii. — /'r;/. 4U9. Sootiou of tlie iipe pintil of the Ita^pberry, 
^liowinj' the conical thalainuH, f. 

2. Syncarpoua FIML — We have already seen, in speaJiing 
of the floral envelopes and androeciiuu, that the different parts 
of which these whorls are respectively composed may be distinct 
from each other, or more or less united. •From the position of 
the caj:pels with respect to one another, and from their nature, 
the latter are more frequently united than any other parts of the 
flower. This imion may take place either partially, or entirely, 
and it may commence at the summit, or at the base of the 
carpels. In the former case, as in Xanthoxylon fraxineiim 
{Jig. 411), the carpels are united by their stigmas only ; in D/c- 
tanmwH Fraxinella (Jig. \21) the upper parts of their styles lU’o 
united; while in the Lahiaicc (Jig. 412, #), and most Boriiginaxeat 
(Jig. 413, (1), the whole of the styles are united. In all these 
cases the ovaries are ilistirict, and in many Boraginacecp the 
stigmas also ; but in all Lahiat(P the stigmas are distinct. 
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It is far more usual to find the carpels united by their 
lower portions or ovaries, and this union also may take place 
to various extents. In the Hue ijig. 414, ov) the union only 
takes place at the base of the ovaries, the upper parts remaining 
distinct, in which case the ovary is commonly described as 
lohed. In Dianthus {fig. 405) the ovaries are completely 
united, the styles being distinct ; while in the Primrose {fig, 
H67) the ovaries, styles, and stigmas are all united. When two 
or more ovaries are thus completely united so as to form one 
body, the organ resulting from their union is called a compound 
or polycarpclla ry o vary. 

Fio. 410. Fiu. 411. Fio. 41*2. Fm. 41:4. 



Fnj. 41(J. Aptx'arpouh pistil of the FbcftsaiitV-e} i* J-ig, 411 

Pistil of Xaiiihoxylon /nnlnenm supported ou h gynophon*, 7 . The 

ovaries, o, and styles are di'jtiuut, hut the stiguias, are united. Fxii. 

412. Pistil of Horchound {MiOTuHttm vulgarfi)^ a Labiate plant. It^- 
ovaries, Of, are distinct, tbcstylch, x, being united, and the Etlgmas distinct. 

Fig. 413. Pistil of a Buraglnaceous plant, of. Distinct ovaries. 

<L United styles. 

PohjcarpeUury Ovary. — The compound ovary formed as 
just stated may cithei; have as many cavities separated by par- 
titions as there are component carpels, or it may have only one 
cavity. These ditferences have an important iuHuence upon 
the attachment of the ovules, as will be seen later when speaking 
of placentation. If we qpnsider three free ^carpels placed as in 
fig. 415, a, each of these possesses a single cavity corresponding 
to its ovary, so that if we make a transverse section of the 
whole {fig. 415, 5), we necessarily ha^e three cavities, each of 
hich is separated from those adjoining it by two walls, one being 
formed by the side of its own ovary and the other by that of the 
one next to it. But if these three cai*pels, instead of being 
distinct, are united by their ovaries, as in fig, 416, 17 , so as to form 



MonriioLodV of nFPKOorrTiVK oiuiAxs m 

a <»vary, the latter um«i iiecesfiarily also hu\e as man\ 
cavities as there are component carpels, b,and each cavity must 
be separated from those adjoining it by a wall which is called n 
difiHepimeuf or partition. Each dissepiment must be ako com- 
posed of the united sides of the two adjoining ovaries, and be 
conseipiently double. 

In tlio normal arrangement of the [nuts of the ovary, it will 
necessarily hapi^en that the styles (when they are distinct) must 
alternate with the dissepiments, for as the former are prolongations 
of the apices of the blades of the carpellary leaves, while the latter 


Fifi. 4ir,. Fm. 410. 



F/c/. 414. Flo\\er of the Hue ( Fi/tft giaveolent\ showing the ovaries, or, unit&l 

at their Fig. 415, a. Diagram of three carpels placet! shle liy sitie, 

hnt not unit©!, h. A transverse «ectioii of the ovaries of the same.- — 

Ftfj. 416. a. DiHgmin of thi-ee carpels united by their ovaries, the 
styles and stigmas being free. h. A tran^verae seetion of the ovarie- 
of the same. 

are formed by the union of their margins, the dissepiments have the 
same relations to the styles as the sides of the blade of a leaf have 
to its apex ; that is, they must be placed right and left of them. 

The cavities of the compound ovary are called ccJh or loculi. 
and such an ovary as that just described would he therefore 
termed three-celled dr trilocular, as it is formed of three united 
ovdries. All dissepiments which are not formed by the united 
w'alls of adjoining ovaries are termed spurious or false. It 
follows, therefore, that a tingle carpel can have no true dissepi- 
ment, and is hence, under ordinary and normal circumstances, 
unilocular or one-celled. 

From the preceding observations it follows that when ovaries 
which are placed side by side cohere, as in fig. 416, and form a 
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compound ovary, the dissepiments must be vertical, and equal in 
number to the ovaries out of which that compound ovaiy is fonned. < 
When a compound ovary is composed, however, of more than one 
whorl of ovaries, placed in succession one over the other, as in the 
Pomegranate, horizontal true dissepiments may be formed by the 
ovaries of one whorl uniting by their bases with the apices of those 
placed below them ( fig. 551). 

We have just observed that all dissepiments are said to be 
spurious except those which are formed by the union of the walls of 
contiguous ovaries, and it occasionally happens that such spurious 
dissepiments are formed in the course of growth, by which the 
ovaiy acquires an irregular character. These false dissepiments 


Fro. 417. 



Fkj. 418. ' Fm. 419. 


Fto. 420. 



Fttf. 417. Vertical soctioji of a portion of tlic mature 
ovary ol Fassin a number o) traii"- 

versc ppurions ilispeplments {^pUrnamato). Piu. 

4 IS. Vertical section of the ovary ol the Wallflower 
in. Ovules, each attacheil by a stalk to the plnceuta, 
rw cl. Vertical spurious ilissepimeut eallwl tlie re- 
plum.- Fig. 419. lYansverse section of the lower 
part of t.lie ovary of the Tlioni-apple (Dafurn Strn- 
Sm nwminn)^ showing that the ovary is here lour-cellcU. 

• Fig. 420. Transverse section of the same ovary at it« 
upper part, allowing that it is here two-eelled. 


commonly arise from projections of the placentas inwards ; less 
frequently by ingrowths from some other parts of the walls of the 
ovaries. Some of these are horizontal, and are called phragmata, 
as in Cassia fistula ( fig. 417), where the ovaiy, after fertilisation, is 
divided by a number of transverse dissepiments? which are ingrowths 
from its walls. Others are vertical, as in Cruciferous plants, where 
the dissepiment, called a replum ( fig. 41ft, cZ), is formed from the 
placentas. Another case is that of Datuft'a Stramonium, where the 
ovary is formed of two carpels, and is hence normally two-celled ; 
hut, instead of remaining bilocular, it becomes four-celled below 
(fig. 419) from the formation of a spurious vertical dissepiment. 
This dissepiment does not extend to the top of the ovary, so that 
the upper portion of the latter is only two-celled (fig. 420). In the 
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Gourd tribe { fitj. 548), also, spurious dissepimento appear to be 
rformed in the ovary in a vertical direction by projections from 
the placentas. In the Flax, again { 421), spurious incomplete 

vertical dissepiments are formed in the ovary by projections 
from the dorsal sutures. In the ovary of Asiragnlns [fig. 422), 
also, a spurious dissepiment is fonned hy a folding inwards of the 
dorsal suture; while in those of O.ryfroj^is and Phnea (.//f/. 428) a 
spurious incomplete dissepiment is produced by a folding inwards of 
the ventral suture. 

It should be noticed that in our description of spurious dis- 
sepiments we have not confined our attention to those of compound 
ovaries alone, but have also referred to those of simple ovaries, in 
which they sometimes arise. The spurious dissepiments of Cassui 


Fm. 421. 


Fio. 422. Fio. 428. 



/'*(/. 42 . Transver«;e section of tlie ovary of the Flax (Lmnm usifn/isxinnau ), 
"liow iig five complete ui»<l true dH^epiment-^, n. imd five iueompletc 

Mpiin UH disrtepiTucntF, I*. ri(f. 422. ‘.trtion of tlie maturi' 

ovar of Aslra(;alun, “howlng Hpimou- dl!>^eplmelIt proeeediuj? from tla* 
dorsi ‘-nture - — Fhj. 423. I’ran-^verse soetioii of the mature ovary ol 
l‘hni 


jistiila, AHtragaliiHy J^Ikicu, and O^vyfrojus are all examples of such 
Uirmations in simple ovaries. 

Folycarpellary ovaries containing only one cavity are gtme- 
rally constructed in a manner essentially the aainu as those 
already described, except that the edges of the constituent 
cai’pels are either not turned inwards at all or not sufficiently 
far to meet in the ce^itre of tlie ovary, so that all their cavities 
coiyniunicate in the centre. An ovary fbrmed in either of these 
ways is unilocular though compound, as in the Orchis {fiy. 425) 
and Poppy (fiy, 426). ^ 

We turn now' to examine in more detail the separate parts 
of the carpellary sporophylls, which, we have seen, are the ovary, 
style, and stigma. 

i. The Ovary. — T he ovary, as already mentioned, may be 
simple or compound., the latter when it is composed of tw’o or more 
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ovaries combined togethej*. The terms simple pistil and simple 
ovary are not in all cases synonymous terms ; a pistil is only 
said to be s’lnple {fiyu. 390 and 406) when it is formed of but 
one carpel, the terms pistil and carpel being then mutually 
convertible ; but an ovary is simple, as just noticed, whether it 
fonns part of a simple pistil, as in Leguminous plants generally 
{iig. 406), or of one of the carpels of an apocarpous but poly- 
('arpellary or compound pistil, as in the Stonecrop {fig. 284). 

Generally speaking, the ovary is ses^iU upon the thalamus, the 
carpellary leaves out of which it is formed having no stalks. In rare 
cases, however, the ovary is more or less elevated above the outer 
whorls, when it is said to he stalked or slipitate, as in Dictannins 

Fio. 424. Pio. 425. Fkj. 126. 



/’///. 424. Tiiin''Ver'<«* K'ftion ot thf* one-rellM ovaiy of MigiionottP ) 

c. The lower flRtteiu'<l poi'tioii or ovary of one of tbe three carpel^ of wliicli 
It 1 '^ fonneii, pL One of the three iiarietal placenta.^, — Fig. 425. Trans* 
verse section of the one-celled ovarv of an Orflu‘«, <• The lower portion 
or ovary of one of the three carpeH of which it formed, slightly infoldetJ. 

pi. One of the tliret* parietal placcntoK. Fit/. 420. Transverse section 

of the ovar.\ of a species of Poppy or. Ovules, pine. Placenta®, 

which in the young ovary nearly meet in the centre, and thus the ovar\ 
liecomes almost mnn.\ -ceiled, hut us the ovary progresses in development 
* it is onlv nnc-celled. 


fid. 457, d) i4nd jyUmilius (fig. 405, t/) ; this stalk has received the 
name of 

The ovary, whether simple or compound, may be either united with 
the receptacular tube or free from it. In the former case, as in the 
Myrtle (fiig. 273), it is infei’i&r or adherent, and the calyx is superior ; 
in the latter, as in Dictamnus ( jig. 427), it is supet'ior or free, and the 
calyx is infei'ior. In som? flowers the ovary iff but partially adherent 
to the receptacle, as in the species of Saxifrage (fig, 428), in which case 
it is sometimes tenned half -adherent or half-inferior ; and the calyx 
is tlien said to be half -super ioi’ ; the lalter terms are, however, but 
rarely used, the ovary being generally described as inferior, whether 
its adhesion to the receptacle be complete or only partially so, and 
vice versa. 

Some doubt has been entertained in many cases as to the true nature 
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of the external tubular portion. It has been regarded in some as 
^ t of the calyx ; but in others, as in the Gooseberry, it is a hollowed 
receptacle, or thalamus, the true calyx springing from the top of the 
cup-shaped body, and the ovary being placed upon and adhering to 
the side of the latter. This relationship is seen more clearly in such 
apparently inferior ovaries as those of the Rose (Jig. 429), where the 
tlialamus, r, r, is certainly concave, and bears a number of carpels, 
o, 0 , on its inner walls. A longitudinal section will at once show the 
difference ; in the Rose we find a single cavity open at its summit, 
and its walls covered with distinct cai^pels. The ovaries of the Rose 
are therefore superior or free. 


Fit:. 427. 


Fid. 428. 


Fkj. 429. 



Fid. 430. 



427. <»f Dfclttmmx I'ra.viht'Ua. I'lioGVJiry 

Is Biipj)orU*(l tm a Kyii‘>pli<>re, f/, niui is '*niierior. 

428. Vertical section or the tlower o' 
fmge, bliowing the ovary partially adherent to 
the calyx. — -/'V//. 42». Vertical sectioi of the 
flower of the Hobc. r. (loncavc thalai upon 
W’luch arc placed several carpeN, each tif 
which is furnisheil with n style and s iiguin, $. 

<?, e. Stamens. Hq. 4.^0 Compound irregular 

mature ovary of Antirrhinum, 


The ovary varies much iu form and in the character of its surface : 
when situ pie it is generally more or less kregular in form ; but when 
CLmipoiind it is commonly regular. Exceptions to the regularity of 
compound ovaries are not infrequent; an example may be seen in 
AnUrrltintfin {fig. 430]. The compound ofaiy is genemlly more or 
less ovoid in form. The outer surface may be either perfectly even 
or uniform, showing no tra^e of its internal divisions ; or marked 
by longitudinal furrows extending from its base to the origin of 
the style and con'esponding to the points of union of its constituent 
carpels. When these furrows are deep, the ovary assumes a lobed 
appearance, and is described as otw?-, tiuo-, three-, four-, five-, 
or inany-lohed, according to the number of its Idbee. Sometimes 
VOL. I. o 
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we find, in addition to the ftuTows which correspond to the lines of 
union of the ovaries, others of a more superficial character whicji 
con’espond to the dorsal sutures. At the latter places, however, it is 
more usual to find slight projections, which then give a somewhat 
angular appearance to the ovoiy. 

When the ovary is compound, the number of carpels of which it 
is composed may be ascertained in several ways. When the styles 
(fig. 416), or stigmas (fig. 346), remain distinct, their number 
generally coiTesponds to the number of the carpels. It happens, 
however, occasionally that the styles are themselves divided, as in 
Kuphoy'hia (fig. 431), in which case they fail to indicate the number 
of carpels that are iictually present. This may then be determined 
by the furrow's or lobes on the external smface of the ovary, or the 
number of partitions or loculi which it contains, as these in nearly 
all cases coiTespond in number to the cai’pels of which that ovary is 
composed. 

¥io. 431. 


/'Vj/. 431. Pistillate tiovver of a species of Eupfwrbia, with thrf'O forkeii styl(‘s. 
Fi(j. 432. Vertical section of the flower of the Stouecrop, pL Tlaceata of 
one of the ovaries, arising from the ventral sutare. 



¥m. 432. 



The term placenta is commonly applied to the more or less 
marked projection to which the ovule or ovules are attached 
in the cavity of the ovary 398, p, and 432, The 

placentas are variously distributed in the ovaries of dilierent 
plants, but with very rare exceptions their position indicates 
the margin of the carpcUary loaf or leaves. The term placen- 
tation is used to indicate the manner in which the placentas arc 
distributed. « 

a. Kinds of Place ntaiion . — In the monocarpellary ovary the 
placenta is usually situated along the ventral suture, or the 
line which corresponds to the union of the two margins of the 
blade of the carpellary leaf, out of which it is formed; such 
a placenta is therefore tenned marginal (figs. 398, 399, and 
432). 

In compound ovaries we have three kinds of placehtation : 
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jianielv, axtlef^arietal^ and free cent rah The axile form oceuis 
^fenerally in compound many-celled ovaries. The carpeUary- 
leaves are folded so completely that their edges meet in the 
centre, dividing the cavity of the ovary into as many loculi as 
there are carpels 415 and 416) and forming a central axial 
column, from which the term axile is derived. The placentas 
situated at their ventral sutures are arranged on the centre or 
axis, as in the Lily {fuj, 433) and Campanula {fig, 434). In 
one Natural Order, the Caryophyllacete, the dissepiments or 
partitions formed by the inturned walls are destroyed or absorbed 
during the growth of the ovary, so that the axial body of placentas 
appears free. This constitutes a form of free central placcnta- 
tion. 

Fig. 483. Fm. 434. Fig. 435. 



/'nt. -133. TnuieiNcrsM.’ section of the couipoaiul ovary of the Lily. The ovurv 
thm’-oellcd (tri locular). The placeiitag, jU, are a vile or (xaitral. - 
Z'l//. 434. 'J’muHverse section of the ovary of a spwlcs of Campanula. The 
ovary is Ihe-eelled or <iuiiniuelocnlar, uud the pluceutation, pi., axile. 

Cu/. 436. 'J’ransverse section of the ovary of a aiwcies of CoA'tm. 'i'lie 
ovary is oiie-oelled, and the pluceutation parietal. 

ill a compound one-celied ovary the principal form of 
placentation is the parietaL The placcntation is termed 
parietal when the ovules are attached to placentas placed 
either directly on the inner wall of the ovary, as in the 
Mignonette {fig. 4‘24, pi) and Cactus {fig. 435), or upon incom- 
plete dissepiments formed, as already noticed, by the partially 
infolded mai'gins, us in the species of Orchu {fig. 425, pi) and 
■*^'oppy {fig. 426, In parietal placcmtatioii, the number of 

placentas corresponds to the number of carpels of which the 
ovary is formed, and their position to the edges of the carpellary 
leaves. 

In some cases the placenta is formed upon the axis or 
thalamus, and not upon the sporophylls at all. The thalamus 
in this case projects upwards with the canty of the ovai\v. The 
condition is seen, e.g.y in the Frimulacece {fig. 438). Like the 

o 2 
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condition in the Caryophyllace(e^ this is known as free-central 
placentation. To this point we shall return later. r 

Besides the reguljir kinds of placentation just described, it 
sometimes happens that the ovniles are placed more or less 
irregularly in the cavity of the ovary. In the Flowering Bush 
(/</. 489) they cover the w'hole inner surface of the carpels 
except the midribs, and the placentation is consequently 
described as su2)erjicial ; in Nym2>luea, the white Water-lily, 


Fig. 43(i. 


Fig. 437. 


Fig. 438. 



Fig. 439. 



t'n/. Vertical K'ction of ('oa.sfimtt hn- 
i^tilumiCanjophpUnnn'). Ovary, y*. Kriv 
(•cntrul placciitn. f/. ( >\ iilcs. Stylt's ami 

‘'tij'nui'* J'lgA'il. Tr^n^vcr^!c section ot 

the panic with tlic tw'O portions or K-ctioiH 
pcparuted. o. Ovary, p. liacenta. y, Oviilcp. 

«. Styles and btlffinnp. From Jiibsieii. 

Fvj. 43H. Vertical pection of the jimtil of 
('ycliiineiu/V tWiMfamc). x. Sepals, pi. Funj 
central placenta, at. Style, stiy. Stigma. 
Fm. 439. Vertical scctioii of tlie flower of 
the Flowering llush {Hulmnns umbeUntnif), 
hhowing the inner surface of the ovuricb 
covered all over witli ovules. » 


they are attached aU over the dissepiments ; in Cahomha, 
they arise from the dorsal suture; and* in the Broom-rapes 
(Orohanclie) from placentas placed within the margins of the 
ventral suture. 

h, Orifjin of the Placenta . — The placenta is, in most cases 
at least, a cellular growth developed from the confluent 
margins of the carpels, or, more strictly speaking, from the 
confluent margins of the blades of the carpellary leaves. 
In some cases the placenta extends along the whole line of 
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union of the carpel {Jig. 481, ;pl) ; in others it may be confined 
tD its base or apex. Each placenta is to be considered 
as composed of two halves, one half being fonned by each 
margin of the carpel. In simple ovaries the placenta is 
developed by a single carpel. In compound many-oelled 
ovaries the placentas are formed by the union of the intumed 
margins of the carpels at the centre of the ovary; while in 
compound one-celled ovaries presenting parietal placentation, 
each placenta is formed from the contiguous margins of two 
carpels which do not meet in the centre. 

Til at in these forms of placentation the placentas are 
really developed from the margins of the carpels is proved 
in various ways. In the first place, in regular kinds of 
plac^mtation the placentas always correspond to the lines of 
union of the margins of the carpel or carpels, and hence may 
naturally be considered as formed from them ; and, secondly, 
we frequently find that in monstrosities or abnormal growths, 
where the carpel is developed in a more or less flattened con- 
dition, a placenta bearing ovules is formed upon each of the 
margins. 

The origin of the free central placenta is not always the 
same ; wo hfive already seen that there are two different types 
recognisable. In the first, this also is a development from 
the margins of the carpels. The cai-pels of which the compound 
ovary is formed originally meet in the centre and develop 
placentas from their margins in the same manner as in ordinary 
axile placentation ; subsequently the walls of the ovary grow 
more rapidly than the dissepiments, so that the connection 
between them is soon destroyed ; and from this cause, and also 
from the great subsequent development of the placenta, the 
septa ultimately become almost or quite broken up, so that the 
placenta is left free from the cavity of the ovary. This view is 
strengthened by the fact that in several of the Caryophyllacea' 
we often find dissepiments in the young ovary, and even traces 
of them at the lower ^art of the mature ovary ; these are the 
remains of dissepiments which have beedhae ruptured on account 
of tte unequal development of the parts of the ovary. The 
second type is illustrated ^by the Primrose and many other 
plants, which have a free central placenta ; in these no traces 
of dissepiments can be found at any period of the gi’owth of the 
ovary. Duchartre and others, who have traced the development 
of the ovary in the Primulacece, state that the placenta is free 
in the centre fi’om its earliest appearance, that it is originally a 



19ft 


AfANUAL OF T^OTANY 


little papilla on the apex of the thalamus, and that the walls of 
the future ovary grow up perfectly free, and ultimately enclo93 
it. The formation of such a free central placenta cannot there- 
fore be well explained upon the marginal theory, as the carpels 
have never had any connection with it except at their bases. 
Nor is it necessary to suppose that a placenta is essentially of 
foliar origin. Since it has been established that the ovule is to 
be looked upon as the megasporangium of the flowering plant, it 
follows that it may be produced, as other sporangia are in some 
of the lower forms, either from the axis itself, or from foliar 


Fio. 440. Fig. 441. Fig. 442. 


Fig. 443. 



Fi{j. 440. Vertical section of tlie flower of Amiena. The ovary is seen to 
contain only a sinjfle ovule suspended from a fiinioulns or stalk. The 

ovule is here said to be reclinate. 441. One of the carpels of the 

Strawberry with a lateral style. F^. 442. Carpel of Alchemilla with a 

basilar style. The stigma is capitate. Fig. 443. Tlie carpopliore, r, of a 

ppeoles of (Jeraniutii with the rolled-hack ciirfiels, car. 


outgrowths from it (sporophylls). The case of the Yew, already 
referred to, is another instance of axial origin, the ovule 
being here naked and terminal. Other illustrations have been 
already given, and to them the case of the Flumhaginacece mviy 
be added. In Anneria, a genus of that Natural Order, the 
ovary, which is composed of five carpels, surrounds a single 
ovule, which, rising from the axis, is supported on a stalk which 
curves downwards at its apex, and suspends the ovule free 
in the centre of the cavity ^Jig^ 440). Here, therefore, the 
ovule and placenta are developments of the axis. 

From all that has now been stated, we may draw the follow- 
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iiig conclusions, namely : - that no single theory sufficiently 
Mcounts for the production of the placenta in all cases ; but 
that the axilo, parietal, and some forms of the free central 
plocentation may be best explained on the foliar hypothesis ; 
and that the formation of the free central placenta of the 
Prirnulaccce^ Santalacece^ and some other plants, can only be 
satisfactoi-ily accounted for by considering the placenta as a 
production of the axis. 

In the majority of instances, we find one kind of placentation 
occurring throughout all the plants of a particular Natural Order. 
The Scrnphnlariacfirn, Ericacecp, and Campanula ce(n present us with 


Fig. 444. 



Fio. 445. 



Fi(i. 414. Pistillate flower of one of the r. Oiilyv. p, /?. PetaK 
t. M(*m[)mnoas expnnsioii ronnd the ovary, o. Ovuiy with three styles. 

each of wliich is twice-forked. Fig. 446. Ovary of the Castor-oil plant 

{Hicinus communis), lielonfrintf to the Enphorbiacerp. The styles in this 
ease are once-forked. 


axile placentation ; the PapaveracecBy ViolacecBy and CrucifercB with 
parietal ; and the CaryophyllacecB, SantaUtcecu, and PrimulacecB 
with free central placentation. In some Natural Orders the placent- 
ation is not constant tlfrough all the gene«v 

The Style.— T he style usually arises from the geometrical 
summit of the ovary, of which it is a continuation in an upward 
direction, as in the Vrimro^e^fig, 396) : it is then termed apical. In 
otlier cases, the apex of the ovary becomes inflected towards the side 
or base, from the carpel or carpels of which it is formed being folded 
like ordinaiy leaves in reclinate vernation ; the style then becomes 
lateral, as in the StrawbeiTy (flg. 441), or basilar, as in Alchemilla 
(fig. 442). In the two latter cases, therefore, the geometrical and 
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organic apices of the ovary do not coiTespond, as the point of origin 
of tlie style always detennines the latter. o 

The style is generally directly continuous with the ovary, which 
gradually tapers upwards to it as in Digitalis ; in such a case it is 
persistent, and forms a more or less evident part of the fruit ; in other 
cases, however, there is a kind of articulation at the point where the 
style springs from the ovary, as in Scirpm, and then the style always 
falls off after the process of fertilisation is completed. It is tlien said 
to be deciduous, and has no connection with the fruit. 

When the style is basilar or lateral, and the ovary to which it is 
attached more or less embedded in the thalamus, it frequently appears 

Fiu. 446. 



Fig. 446. Pistil of h speoies of Jris. o. Ovar 3 ’. sfy. Petaloid styles, jifu/. 

Stigmas. Fig. 447. Upper part of the style and stigma of Lesch'^naultia 

fotmosa. /.Style. #. Collecting hairs. Stigma. 448. Upper part 

of the style, /, of a Composite plant, dividing into two brandies, wiiidi are 
covered above by collecting liairs, pc. 

to spring from the latter ; such an an’angement is called a gyiwhase, 
and the ovary is said to be gynohasic. The condition is seen in the 
Lahiatm (Jig. 412) and the Boraginacece (Jig. 413), the ovaries of 
which are frc3, but tbo styles, which spiring from their bases, 
become connected and form a central column, which appears as'if it 
were a prolongation of the thalamus. 

Such an arrangement must not be *bonfounded with that of the 
ovaries and styles of the species of Oeranium. (Jig. 443), and some 
other plants, where the axis itself is prolonged in the form of a beak- 
like process, to which the ovaries and styles become united, and from 
which they separate when the fruit is ripe. This prolongation of the 
thalamus is termed a carpophore (see page 146). 
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Whon the styles of ti syncarpous pistil are distinct, they usually 
•orrespond to the number of carpels of which that pistil is composed • 
It sometime happens, however, that the style of each cai’pel 
bifurcates or becomes forked, as in some Fhiphot'hiacmy either once 
(figs. 430 and 446), or twice (fig. 444) ; in which case the apparent 
number of the styles is double or quadruple that of the carpels. 

Form and Surface of tJie Style.— In fonn the style is generally 
more or less cylindrical ; either tapering from the base to the apex, 
as is generally the case, or becoming enlarged as it proceeds upwards. 
In other cases the style is filiform, or more or less thickened, or 
angular; and rarely thin, coloured, and flattened like a petal, as 

Ftg. 440. Fkj. 450. Fm. 461. 



Fiij. <49. riBtll of u Lily, with one ^tylo and a 

trilobate stigma. Fifj. 450. Lobed stigma 

of tlio Melon. Fi<j.Af>\. IMstil of a species 

of Ohrttmnth^mumy with one style and a 
Infill stigma, the divisions with hairs at 
tlioir cvtrcmitics. 



in the species of Canna and Iris ( fig. 446), when it isr said to be 
petaloid. 

The surface of the style may be either smooth, or covered in 
various ways with hahs. These hairs, when situated on the style, 
frequently serve the pui-pose of collecting the pollen, and are hence 
termed collecting haiPs. The collecting J;iairs on the style of the 
species of Campanula are retractile. In the Compositm the surface 
of the style is also more or less covered with stiff collecting hairs 
(fig. 448, pc) ; as the style is developed later than the stamens, it 
is at first shorter than these organs, but as the growth proceeds it 
pushes itself through the syngenesious anthers, and thus the hairs 
on its surface come in contact with the pollen and become covered 
with it. In some of the Orders allied to the Compositae, the hairs 
form a little ring below the stigma (fig. 447, i). 
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3. The Stigma. — The stigma is a rough, usually sticky area, 
situated in various positions above the ovary, but generally 
occupying its pointed apex. In the case of a compound stigma, it 
usuaUy shows rays or branches corresponding in number to the 
constituent carpels. The roughness is due to projecting cells 
of its external layer, while the stickiness is caused by the 
secretion of honey. 

The stigmas of a syncarpous pistil are generally opposite to the 
cells, and alternate with the dissepiments, but it sometimes happens, 
as in the Poppy, that half the stigma of one carpel unites with a 
similar half of that of the adjoining carpel ; the rays thus formed 
are alternate with the cells, and opposite to the dissepiments, the 
latter being, however, imperfect (fig. 426).' 


Fio. 452. Fio. 453. 



Fig.Ah2. Stigma, attached to atyle, of Jiignonia nrhorea. In the left- 
" liand figure the lamellae are separate, in the other applie<i closely U) 

each other. Fig. 453. Flower of a species of Rumex, showing friiifred 

stigmas, pi. 

We have already seen that the stigma may be separated from the 
ovary by the style (figs. 395-397) ; or the latter organ may be absent, 
in which case the stigma is said to be smiZe, as in the Barberry 
(fig. 398, st) and Poppy. In Orchids the stigma is sessile on the 
gynostemium, and appears as a little cup-shaped viscid space just 
below the attachment of the pollen-masses. 

In a syncarpous pistil stigmas may be ekher united together, as 
in the Primrose (fig. 395), or distinct, as in Campanula (fig. 833)»; in 
the latter case, instead of looking upon these separate parts as so 
many distinct stigmas, it is usual to describe them as if they were 
portions of but one; we then speak of the stigma as bifid, trifid, &c., or 
as hilohate, trilobate, drc., according to the number and character of 
its divisions. The term lobe is usually applied when the divisions 
are thick, as in the Lily (fig. 442) and Melon (fig. 450) ; when these 
are flattened and somewhat strap-shaped, as in the Composif^B 
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{Jig. 541), the stigma is fissured or cleft ; when flattened into plates 
•r bands they are termed laniellaij as in Btgnonia {fig. 452) and. 
Miviultis. The number of these divisions in the majority of instances 
coiTesponds to the number of carpels of which the pistil is composed ; 
and if the latter organ is many-celled, the number of cells generally 
corresponds also to the divisions of the stigma. The five-cleft stigma 
of some Campanulas accordingly ipdioates that there are five cells 
to the ovary, and that the pistil is formed of five carpels. In the 
Graminaceoi {fig. 404) and Cmipositm {figs. 448 and 451), however, 
we have a bifid stigma, and but one cell in the ovary. 

The lobes assume different appearances : they may be smooth 
or thick and fleshy, as in the Melon {fig. 450), or feathery, as in 
many Grasses {fig. 404), or fringed or laciniate, as in the Dock 
{fig. 453, pZ). 

When the stigmas are united, the number of parts in the 
comix)und stigma is usually indicated by radiating furrows or 

Fia. 464. Fio. 465. Fm. 46C. 



Fip. 4ft4. s. IVlUite or 8hic‘hl-Hhai»o«l purmomitinff tlie stylo, /, of a 

ypocles of Arhutux. Fit}. 465. Pistil of Dnphne, o. Ovary, st. 

xiiq. Stiffnia. Fig. 466. PiKtll of Panay (Tiote tricolor), cdl. Remains of 

cHlyx. ov. Ovary, xty. Stylo, surmounted by an iirc^iilar hoodal atifrmn. 


grooves. When the stigmas unite and foim a compound body upon 
the top of the style, this compound stigma is said to be capitate. 
In the Violet {fig, 450) the stigma presents an iiTegular hooded 
appearance. 

The Flower-bud. iEsTivATiON or Prasfloration. 

^The mode in which the different parts of the flower are dis- 
posed in the flower-bud is tonued their cestivation or preeflo- 
ration. The terms used in describing testivation refer especiallv 
to the relative positions of the component parts of the calyx and 
corolla, because the stamens and carpels, from their peculiar 
fonns, can give us no such arrangements of their parts as are 
exhibited by the more or less flattened floral envelopes. 

In describing the varieties of {estivation, wc have to 



204 


MANUAL OF BOTANY 


include ; Ist, the disposition of each of the component parts of 
the floral envelopes, considered independently of the others ; and 
2nd, the relation to one another of the several members of 
either of the floral envelopes tahen as a whole. With regard 
to the disposition of each of the component parts of the 
floral envelopes considered independently of the others, the 
same terms are used as in similar varieties of vernation, 
with the addition of the crumpled or corrugated fonu, 
which is not found in the parts of the leaf-bud. This latter 
arrangement may be seen in the petals of the Poppy {Papaver) 
and Rock Rose {Helianthcinum ) ; it derives its name from the 
parts being irregularly contracted into wrinkled folds. 

With respect to the relation to one another of the several 
members of either of the floral envelopes taken as a whole, various 
aiTangoments occur, all of which may bo classified in two divi- 
sions : namely, the Circular or Vahmie^ and the Imbricated. 


Fia. 457. Fio. 458. Fio. 459. Fio. 4r)0. 



Fig. 467. Diagram to illustrate valvate aestivation. Fig. 468, Diagram to 

illnstratc iiiiluplicate restivatiou. Fig. 46V). Diagram to illustrate redu- 
plicate aestivation. Ftg. 460. Diagmm to illnstmte contoiied or twistwl 

ftistlvation. 

1. Vari^tien of Circular JEstivatiou . — We distinguish three 
well-marked varieties of circular a?stivation, i.o. the valvate., in- 
duplicate., and reduplicate. The \mJrate {fig. 457) may be seen 
in the calyx of the Lime, and in that of Qnazuma iilmifoUa; in 
this variety the component parts are flat or nearly so, and in 
contact by their margins throughout their whole length without 
any overlapping. This variety of R?stivation may be generally 
distinguished, even when the flowers are expanded, by the 
margins of its componelit parts being slightly thickened, or at all 
events not thinner than the rest of the organ ; whereas in all 
varieties of imbricated aestivation th^ overlapping margins are 
usually thiimer, as may be well seen in the sepals of the species 
of Geranium. When the component sepals, or petals, instead 
of being flattened, are folded inwards at the points where they 
come in contact {fig. 458), the aestivation is indtiplicatCf as in 
the petals of Ouazuma ulmifoUa, and in the sepals of some 
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species of Clematis, When the margins are turned outwards 
leader the same circumstances (fig. 459), the lestivation is re- 
duplicate y as in the sepals of the Hollyhock (Althcea rosea) 
and some other plants of the Natural Order Malvacece ; also in 
the petals of the Potato. 

2. Varieties of Imbricated or Spiral ^stivatioii, — We dis- 
tinguish five varieties of this kind of lestivation, i.e. the imhri- 
catcy convolutcy quincuncialy cochleary and vexillarg. The 
true imbricate lestivation, as seen for instance in the calyx of 
Camellia japonica (fig. 461), is formed by the component parts 
overlapping each other more or less by their margins, like the tiles 
on the roof of a house. Usually, when there are five leaves 
in the doral whorl, one is overlapped on both margins, the next 
one is completely external, tmd each of the other three overlaps 


Fio. 461. Fio. 462. Fiu. 468. Fig. 464. 



/''*</, 4t>l IJiHgruui to illnptrate imbrioatu lestivation. The tigurtv, 1, 2, 3, 4, 

6, kIiow tliat tl)C sucoesaive parth arc arranged in a bpiral manner. I^g. 

4<;2. niagram to ilhwtmte quincnnclal ffii«tivution. 1 and 2 are external, 

I and 6 internal, and 3 is ptirtly external and partly internal. Fig, 433. 

niagram to illui^tratc coehlcar ae.stivation.^- — Fiif. ’4(}4. niagram to illus- 
trate vexillary aestivation. 1 and 2 form the aim or wings, 3 and 6 the 
canna or keel, 4 the vexillum. (See PapiUonacn>m Cofvlln.) 

the leaf next it on one side and is overlapped by that next it on 
the other (fig. 461). 

AVhen one margin of each leaf overlaps the one next it, and 
the other margin is overlapped by the leaf on the other side of 
it, so that the whole whorl presents a more or less twisted ap- 
pearance, the testivation is contorted ; if the overlapping is con- 
siderable, it is said to be con volute y as in the corolla of the Mallow 
(fig. 460). When the^arts of a floral whori are five in number, and 
thcffe arranged in such a manner that there are two parts placed 
on the outside, two inside, and the fifth overlapping one of the 
internal by one margin, while it is itself overlapped on its other 
margin by one of the external parts, the estivation is said to be 
quincuncial (fig, 462). Familiar examples of this form are 
afforded by the corolla of the Rose and the calyx of the Bind- 
weed (Convolvulus sepium). In this kind of aestivation a spiral 
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arrangement of the parts is well seen, and is indicated in the 
diagram (jig, 462) by a dotted line. The spiral cycle thvs 
formed, which is the normal one in pentamcroua or quinary 
dowers (those with the parts in fives), and which occurs in the 
majority of Dicotyledons, corresponds to the 'j^entaaticliom^ 
or five-ranked arrangement of leaves. When, instead of the 
wholly internal leaf being next to the wholly external one, it is 
the next but one, a variety of lestivation occurs to which the name 
cochlear has been given (fig, 468). Familiar examples of tliis 
are afforded by the Snapdragon (AntirrUmiim majiia) and other 
allied plants. Another marked modification of imbricated ajsti- 
vation occurs in the corolla of the Pea and other Papilionaceous 
fiowers, wh.^^t the superior petal, which is generally tlie largest 
and is called the vcxillum, is folded over the others which are 
arranged face 'to face (fig, 464). This kind of estivation is 
commonly termed vexillary. 

It frequently happens that the calyx and corolla exhibit different 
kinds of aestivation. In Oiuizunia ttbnifolia the (jalyx is valvatc, 
and the corolla i^iduplicate. In plants of the Natural Order Malvacecc 
the calyx is valvate or shows some form of circular iestivation ; 
and the corolla is twisted. In the Corn Cockle (Githago segeiwn), 
the species of St. John’s Wort (Uypericum)^ the Geranium^ and 
many other plants, the calyx is qnincmmal or imbricate^ and the 
corolla twisted. 

The kinds of aestivation above described are always constant in 
the same species, and frequently throughout entire genera and even 
Natural Orders; hence they are of great importance in systematic 
botany. 

The term authesis is sometimes used to indicate the period at 
which the flower- bud opens. 

Besides the definite and constant relations which the parts of the 
floral envelopes have to one another in the flower-bud, they have 
also a definite and constant relation in the same plant to the axis 
upon which they are placed. In describing these positions we 
use the terms anteriory posterior^ and lateral. We call that part 
posterior which is turneej towards the axis ; and that next the bract 
from the axil of which the flower arises, anterior. When there are 
four leaves in a whorl, one will be anterior y one posteriory and two 
lateraly as in the sepals of the Wallflowsr. If there are five we have 
two arrangements. In the calyx of the order Leguminostey two 
sepals are posteriory two lateraly and one anterior y while in the corolla 
one petal is posteriory two anterior y and two lateral (figs. 303 and 
464). In plants of the order Bosacece we have a precisely contrary 
iwsition exhibited by the parts of the two floral envelopes; here 



M0I{PH07.0(iy OP REPRODUCTIVE ORGANS 207 


we have two sepals anterior^ two latiral, and one posterior ; while 
iy the corolla there are two petals posterior^ two lateral^ and one 
anterior. 

The same definite relation with respect to the axis also holds 
good in many cases in the staminal and carpellary whorls, by 
which important distinctive characters are frequently obtained. In 
fioral diagrams it is usual to indicate the position of the axis upon 
which the flower is placed by a dot placed over the posterior part of 
the diagram. 

The Ovule. 

As the anther showu to be coiiipaniblc to a sorus 

'•onsisting of four or more sporangia, so we may regard each 
placf'Jita with its o\ules as liavmg a similar morphological value. 
In tiio anther the sorus forms a single body, or synangium^ while 
in the pistil tlie separate ovules or megasporangia are free. 
Some botanists, however, prefer to look upon the placenta as 
bearing a number of sori instead of corresponding to a single 
one. In their view each ovule corresponds to a sorus of Azolla^ 
winch contains a single megasporangium ; and the indusium of 
the latter is represented by the integuments of the ovule. The 
latter may, however, be a special protective coating for the ovule 
without being comparable to an indusium, from which indeed 
they differ in being developed from the body of the sporangium, 
and not from the surface of the sporophyll. 

An ovule consists of an ovoid body, which in section shows 
the parts represented in fig. 469. There is a central mass of i 
tissue which constitutes the bulk of the structure, and is called 
the nncellus . This is surrounded by certain coats or integu- 
ments which grow up round it and enclose it, with the exception 
of a small canal or passage at the apex. This passage is known 
as the interior of the nncellus is a conspi- 

cuously large cell with thin walls, which is the megaspore or 
enj^jjv-sac. The megaspore never lies free in the interior of 
the sporangium, us do the mkrospores already described. It 
is always from the first surrounded closely by the tissue of 
the fiucellus, and in its growth it absorbs the whole or a good 
deal of the latter : in some cases encroaching even upon the 
substance of the integuiifents. Sometimes more than one 
mcgasporc is produced, but this is unusual. Only one comes 
to maturity in such cases. 

The ovule is either attached directly to the placenta, when it is 
said to be sessile (tifj. 436, g)\ or indirectly by a stalk called the 
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funiculus or funicle (figs, 418, ov, and 440), when it is described as 
malked. The point of attachment of the ovule to the placenta if 
bessile, or to the funiculus when stalked, is termed the liilum. 

Some ovules, as those of the Mistletoe 466), consist 
simply of the nucellus, and its megaspore, c, as above de- 
scribed, in wliich case the nucellus is termed naked (fig. 465) ; 
but in almost all plants it becomes enclosed in one or two 
coats. In the Walnut there is but one coat, which appears at 
first as a little circular process around its base; this gradually 
increases in size, and by growing upwards ultimately forms a 
sheath or cellular coat to the nucellus, which it entirely closes 
except at the apex, where a small opening may be always 
observed (fig. 467, end). There is only one coat formed in 


Fkl 465. Fio. 466. Fits. 467. Fig. 468. 



'f/. 465. Oviilo ot tlio (i'tiscuni-album)y couHistiii^^ of ii nakt 

iUCclUis. - - /Vf/. 466. Tlic «ainc ovule cut vertically to ^Ijow tlie cuibi*>( 
■‘lie. r, in tlie iiucelliH, n. — Ftp. 467. Ovule of the Walnut (Juglans 
u. Projeeliiiif ciul of the nueelliH. s, (Joiit covering the miecllua exeej 

t the funvincii, ('ini. Ftp. 46H. Ovule of a ‘speeicH of /’ofiiponnm. f. Em 

)f ovule where it uttaeh«,*<l to tlie pUiceiitii. i>. Erinnne. n. Secumllui 
w. Exostouie. md. Eudostoine. n. I’rojecting end of the uueellui*. 


the Conipositve^ CampanuUicece, Loheliaceie^ and some other 
orders. 

most plants, however, the ovule has two coats, in which 
^se we observe two circular or annular processes around the 
base of the nucellus, the inner one being first developed ; these 
processes continue to grow upwards as before described, until 
they also ultimately form two sheaths or coats, which entirely 
enclose the nucellus (except at its apex*(/i(f/. 468). The inner 
coat is at first seen to project beyond the outer, but the Jatter 
ultimately reaches and encloses it. The inner coat is usually 
termed the secundine (Jigs. 468, «, dhd 469, c), and the outer the 
primine ; some botanists prefer to follow the order of development 
of the coats, and consequently term the inner coat the prhninej 
and the outer the secundine^ reversing the order of the names. 
Others, to prevent confusion, more properly term t he inn er coat, 
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or secuudine, t urn in tmiiim : and the outer coat, 

or^ primine, thie ' The orifice left at 

the apex of the nucellus, as in the fonuer instance where only 
one coat is present, is called the microp^ile. The openings in 
the two coats commonly correspond to each other, but it is 
sometimes found convenient to distinguish them by distinct 
names ; that of the outer is then called the exostome (fig. 468, 
cx); that of the inner, the endostome (end). 

In some cases a third coat is indicated, which grows up later 
from the base of the ovule and encloses it more or less loosely. 
This is known as an a/rillus. It is generally associated more 
closely with the seed, in connection with which it will be 
discussed. 


Fio. 469. 


Fio. 470. 


Fig. 471. 



fig. 4(19. Section of an ovule (diagrammatic), a. T^ucellus. b. Embryo- 
sac. c. Inner coat. d. Outer coat. e. Micropyle, /. Chalaza. g. Puni- 

culns or funicle. Fig. 470. Vertical section of tlie orthotropous ovule 

of Polygonum, ch. 'Chalaza. prim. Primine. sec. Secundine. «. Nu- 

eclhiP. s. Embryo-sac. m. Micropyle Fig. 471. Vertical section 

of a campylotropous ovule of Wallflower {Cheiranthus). f. Funiculns. 
ch. (’halaza. p. Pnnime. s. Seciindinc. n. Nucellus. mic, Micropyle 


nucellus and its coat or coats are intimately connected 
at one point, called the (fi^^- 470, c/i, and 471, ch) ; but 

at the other parts of the ovule they are more or less distinct. 
This chalaza is the point where the vessels pass from the pla- 
centa, or, when the ovule is stalked, from the funiculus, into the 
ovule, for the purposet of affording nourishment to it ; it is 
generally indicated by being coloured, and of a denser texture 
bhan the tissue by, which it is surrounded. Through the micro- 
pyle the pollen-tube usually^reaches the megaspore, as will be 
hereafter fully described. 

y Relation of the Hilum, Chalaza, and Micbopvlb to one 
iNOTHEB. — When an ovule is first developed, the point of union 
if its coats and nucellus, called the chalaza, is at the base or 
VOL. I. p 
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hiluru, close to the placenta or funiculus ; in which case a 
straight line would pass from the micropyle through the axis of 
the nuoellus and its coats to the hilum. In rare instances this 
relation of parts is preserved throughout its development, as 
in the Polyyonacece (fig, 470), when the ovule is termed orpiO ’ 
atropmts, or straight. In such an OM^ile, thereforeTiiie 
micropyle, tw, is situaleA at its geometrical apex, or at the end 
farthest removed'from the hilum; while the chalaza, r7/, is placed 
. at its base. 

In a second class of ovules the relative position of parts is 
'exactly the reverse of that of orthotropous ones — hence such are 
called a na t rnpq us or This arises from greater 

growth on one'^lsiSe^'ttian the other, the body of the nucellus 
^remaining straight. It thus becomes completely inverted, so 
that the chalaza (fig. 478, ch) is removed from the hilum, 7/, to 
the geometrical apex of the ovule ; the micropyle, /, being at 


Fio. 472. 



Fig. 472. The oainpylotropug ovule of tlie Mallow in itn iliffereiit stages of 
development. I'rom Le Mnont. Tn n the curviitutt' is commencing, in h 
it is more evident, in c still more marked, and in li it is oompieted. 

/. Vnniculus. p. Primine. s. Peenndine. n. End of nn(x*llns. (*.r. Exostome. 

Endo«tome. 

i the same time turned towwds the hilum, h. In anatropous 
ovules a coimection is always maintained between the chalaza 
and the hilum by means of a vascular cord or ridge called the 
rmh^ (fig- 473, r), which is the elongated funiculus adherent to 
£he ovule. This raphe or cord of nutritive vessels passing from 
the placenta or funiculus, and by its expansion forming the 
chalaza, is generally situated in anatropous ovules on the side 
which is turned tow^ayds the placenta or funiculus. Anatropous 
ovules are very common ; examples may be found in the Bande- 
lion (fig. 478), Apple, and Cucumber. 

Besides the two kinds of ovuleS-mentioned above, there is an- 
other kind, more rarely met with, which is intermediate between 
' the orthotropous and anatropous forms ; to it the term ampM- 
tropous has been applied. In this ovule, which is also c^led 
heterotropous or transverse, the hilum, /, is on one side, and 



MOKrHOLOGY OF REPRODUCTIVE ORGANS ‘211 


the micropyle, w, and chalaza, ch, are placed transversely to it 
474), and therefore parallel to the placenta. In this case 
the hilum is connected to the chalaza by a short raphe, r. 

It sometimes happens, however, that the nncellus of the ovnle, 
instead of being straight as in the above instances, becomes more 
or less curved. In the Wallflower {fig. 471), and other plants 
of the order to which it belongs, as well as in the Caryo- 
2 )liyllac€CB and many other orders, the apex of the ovule becomes 
gradually turned downwards towards its base, and is ultimately 
placed close to it, so that the whole nucellus is bent upon itself, 
and a line drawn from the micropyle, mic^ through the axis of 
the nucellus, and its coats, would describe a cur\ 3 ; ht^noo 
such ovules are called raminjlotropous or curi^cd. In these 


Fig. 473 . 



Vertical section of tlic uirntro]) is ovule of the Dandelion. 
//. ndiini. /. M icTopyle or foramen, w. Nn ‘llns. Base of the nucellus, 

th. Chalaza. r. Raphe. Ftg. 474. Loujritudinal section of the aniplii- 

troisiuBor transverse ovule of Lcmna ttisulcn f. Funiculus, n. Nueellua, 
p. Ihrimine. aec. Seenndine. s. Kmhr^\o-sn' c//. Chalaza. r. Jhiplie. 
m. Micropyh'. From Schleiden. 


ovules, the chalaza, c7?, and hilum are close to each other as in 
orthotropous ones, but the micropyle, wic, instead of being -at 
the geometrical apex of the ovule, is brought doAvn close to 
the hilum or base. The progressive development of the cam- 
pylotropous ovule is well seen in the Mallow, as represented 
in jfig. 472, a, h, c, d. This kind flf ovule is evidently 
formed by one side of the nucellus developing more extensively 
than the other, so that tl^p micropyle is pushed round to the 
base. 

The ovules of Angiospermous plants are enclosed in an ovary 
(fig. 436). Those of the Gymnospenns, including the Coniferce, 
Cycadacece^ and allied orders, are always exposed without this 
covering. In Cycas they are situated on the margins of peculiarly 

p 2 
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metamorphosed leaves ; in the Conifer m they are formed at 
the bases of indurated bracts or scales {fig, 475) ; in Taxvs th^y 
are borne at the ends of certain branches. In some Angio- 
sperms the seeds become partially exposed in the course of the 
development of the ovary into the fhiit, the apex of the ovary 
opening and disclosing them in its cavity. This takes place in 
the Mignonette (fig, 609), Leontice, and Cupliea. These must 
not be confused with Gymnospermous plants, in which the 
ovules are naked from their first formation. 

Number and Position of the Ovules. — a. Number.^The number 
of ovules in the ovary, or in each of its cells, varies in different 
plants. In the Polygonacerpy Compositfpy Thymelacece, and DipsacecBy 


Fig. 475. Fm. 476. 



Fig. 476. Brnct or oarpellary leaf, j»c, of a speoies of Pinut, bearing two naked 

ovules, ov, at its base, mic, Micropyle or foramen. Fig. 476, Vertical 

section of the fruit of a species of Rumex (I*olygonaeeoe). p. Enlarged 
calyx surrounding the fruit. The fruit contains a single erect orthotropous 
seed. The position of the ovule in the ovary is also described as erect and 
orthotropous. The embryo is inverted or autitropous. 


the ovary contains but a solitary ovule; in the UmbellifercB and 
AraliacecBy there is but one ovule in each cell. “When there is 
more than one ovule in the ovary, or in each of its cells, the number 
may be either few and easily counted, when the ovules are said to be 
definite^ as in JEsculus (fig. 480),— and the ovary or cell is then 
described as biovulatej triovulatCy Ac.— or Jhe ovules may be very 
numerous, when the ovdry is multiovulate and the ovules indefinitey 
as in Cer ostium (fig. 436, g). 

b. Position. — The position of the ovules with regard to the 
cavity or cell in which they are placed is also liable to vary. 
When there is but one ovule, this may arise at the bottom of the 
ovary or cell and be directed towards the summit, as in CompositcB 
and Polygonacm (fig. 476), when it is said to be erect ; it may be 
inserted at the summit of the ovary and be turned downwards, as in 
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Hvppuris {fig. 477), in which oebb it is pendulous; if it is attached a 
^tde above the base, and directed obliquely upwards, as in Parietaria 
(fig. 478), it is ascending ; if, on the contrary, it arises a little below 
the summit, and is directed obliquely downwards, as in the Mezereon 
(fig. 472) and Apricot, it is suspended ; if from the side of the ovary, 
without turning upwards or downwards, as in Crassula, it is 
horizontal or peltate. In some plants, as in Armeria (fig. 440), 
the ovule is suspended from the end of a long funiculus arising 
from the base of the ovary ; such an ovule is frequently termed 
reclinate. 

In the cases mentioned the position of ijie ovule is usually con- 
stant, and hence this character assumes considerable importance in 


Fig. 477. Fig. 478. Fio. 479. Fig. 480. 



Fi‘g. 477. Vertical section of the ovary of the Mare's Tail {Uippnt-it vul~ 
garift). o. Orule, which is Inverse or pendulous, and anatropous. $. Base 

of the style, f. V uuiculus. r. Baphe. r. Chalaza. Fig. 478. Vertical 

section of the ovary of the Pellitory (ParMaria ojffieittalis), with a single 
ascending ovule. The letters have the same references as in the last figure. 

Fig. 479. Vertical section of the ovary of the Mezereon (Daphne Meie- 
feum), containing a solitary suspended ovule. The letters refer as before. 
From Jussieu. Fig. 480. Vertical section of a cell of the ovary of a spe- 

cies of JSsculus containing two ovules, o, o, one of which is ascending and 
the other suspended, m, m. The micropyle or foramen in the two ovules. 
s. Base of the style. From Jussieu. 

distinguishing genera, and even Natural Orders. In the Compositce^ 
for instance, the solitary ovule is always erect ; while in the allied 
orders, the Valerianacem and DipsacecCf it is suspended or pendulous. 
In the PolygonacecB (fig. 476), the ovule, which springs from the axis, 
is also always solitary and erect ; and in the Thymelacece (fig. 479) it 
is suspended. On the other hand, in some Natural Orders we find its 
position varying in different genera, although generally constant in 
the same genus ; in the Rosqfiecc^ for instance, the genera Geum and 
Alcheyyiilla have an ascending, while Poterium and Sanguisorha 
have a suspended ovule, and in Potentilla both are found. In the 
Raminculacecc also we find the ovule varying as regards its position. 

When the ovary or cell has two ovules, these may be placed 
side by side at the same level and have the same direction, as in 
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NiUtallia^ when they are said to be collateral ; or they may be 
placed at different heights ; if then they follow the same direcitio^ 
they are said to be superposed ; if not, one ovule may be ascending 
and the other suspended, as in JEsculu^ (fig, 480). The position 
of the ovules in those cases where they are in definite numbers is 
also usually constant and regular, and similar terms are employed ; 
but when the number of ovules in the ovary or cell is indefinite, the 
relations are less constant, and depend in a great measure upon 
the shape of the cell and the size of the placentiis. In the long 
ovaries of many of the Leguminoscc and Criicifcrte (fig. 417), the 
ovules are superposed, and, not crowding each other, they are all 
turned in the same direction. In other cases the ovules are numerous, 
and having been developed in a small space, they necessarily press 
against each other, and acquire irregulai’ forms and varying positions 
according to the direction of the pressure. In describing these 
varying positions the same terms are used as those referred to 
when speaking of the relations of the solitary ovule. These terms 
are also applied in the same sense to the relations of the seed in the 
pericarp. 


Section III. 

SEXU.VL RKPKODUCTIVE ORGANS. 

Our study of the reproductive processes of plants so far has 
been confined to the sporoplujtc and its asexual cells the spores ; 
we must now turn to the alternate phase or form of the plant, 
the garnet ophytey and its sexual cells the gametes. These can 
give rise to a new individual only after coalescence in pairs. 
The process of their coalescence is known as conjugation when 
the two gametes are indistinguishable from each other, or 
fertilisation when they are not alike. The body formed by the 
coalescence is called a zygote. These sexual cells never arise 
on the sporophyte, but on the other phase of the plant, the 
gametophyte. The latter, in some of the Alga) and Fungi, 
bears gonidia or asexual cells as well, the structure and mode 
of origin of which present no features different from those 
already described. 

The phase of the plant which we have called the gameto- 
phyte is seen most prominently in the lower forms, diminishing 
in size and degree of differentiation as we ascend the scale. 
The sporophyte can be recognised in only a few of the Alg© 
and Fungi, is of nearly the same dimensions as the gametophyte 
in the Mosses, and above this group assumes a preponderance 
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and becomes the conspicuous form of the plant, while the 
gctnetophyte dwindles almost to the point of suppression. 

In the Algue the gametophyte may be filiform, or take the 
form of a plate of cells, or assume largo dimensions, showing 
much morphological differentiation. Often in tbis group the 
sporophyte cannot be recognised at all. Where asexual cells 
occur in such cases, they are gonidia, and are developed upon 
the gametophyte. Instances of the occurrence of the sporophyte 
among the Algai arc aflbrded doubtfully by certain of the cysto- 
carps in the Red Seaweeds, and more cer^inly in some of the 
Chloropliycece (Colcochcete) by a small multicellular body 
developed from the zygote, the cells of which all give rise to 
zoospores. 

In the Fungi the gametophyte is always the prominent form. 
It bears both gonidia and gametes, but the latter in some cases 
are not functional. The parasitic habit of hfe of many of 
these plants is attended by a general degradation of both form 
and structure, which especially marks the reproductive organs. 
In some cases the production of sexual cells by the gametophyte 
has disappeared. Such a gametophyte is called ^ potential onti. 
Its true nature can be recognised only by a comparison with 
other forms which bear botli kinds of reproductive cells. The 
sporophyte can be seen in such forms as Mucor (fiy. 4B7), where 
the zygote on germination produces a small promycelium, and 
doubtfully in certain Ascomycetes, where it may be represented 
by the ascocarp. A very rudimentary condition of it is shown 
by Cystopan {fiy. 489), where the zygote produces a number of 
zoospores after a period of rest. 

In the Mosses and their allies the gametophyte is still the 
prominent form, the sporophyte being represented by the 
complex sporogonium. Above the group of the Thallophyta, 
the nature of any phase of the plant body can be recognised by 
tracing its origin. The gametophyte is always the product of 
the germination of the spore, and where it has undergone much 
reduction this is the ordy clue to its identity. In the series of 
forms above the Ferns we find cases in v^ich it becomes more 
and more closely attached to the spore, ultimately being alto- 
gether enclosed in it. ^ 

Those plants which are heterosporous exhibit two forms of 
gametophyte, one developed from the microspore, the other from 
the megaspore : both are inconspicuous. 

In the isosporous or homosporous Ferns and in the Horse- 
tails the gametophyte is always thalloid. In the former group 
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each gametophyte usually produces gametes which are female 
and others which are male, the former developed in organs called 
archegonia^ and the latter in others known as antlieridia ; in 
the Horsetails it generally gives rise to one or the other, but 
not to both. We have thus in the Horsetails potential though 
not actual heterospory. In the heterosporous Ferns the relative 
development of the two forms of gametophyte becomes unequal, 

and this difference may be 
Fig. 481. seen throughout the higher 



Fiu. 481. Gkimetophyte jirodnoed by the 
loegaBpore of Saivinia. 2>ro. Prothallium 
bearing a, youug sporophyte. After 
IMngsbeim. 


plants. In Salvirda the male 
gametophyte is a small 
tubular structure, produced 
by the outgrowth of the 
inner coat of the spore. It 
forms at its apex an antheri- 
dium consisting of an incom- 
plete wall and two internal 
colls, each of which gives rise 
to two antherozoids or male 
gametes. In Marsilea and 
Seldginella the microspore 
gives rise to a small, some- 
what oval, multicellular body, 
which produces antherozoids 
in its internal cells. 

The female gametophyte 
also shows a gradual de- 
generation. In Saivinia the 
megaspore bursts at its apex 
(fig, 481), and the prothallium 
is developed as a curiously 
shaped green body, the 
greater part of which remains 


within the spore. The free 
part bears the archegonia. In Selaginella and Isoetea the 
development is still n’tore markedly endosporous. The prothal- 
lium is developed inside the megaspore (fig, 482), which does 
not open till the former is well ^ advanced ; in some cases, 
indeed, until the archegonia are mature and the oosphores, or 
female gametes which they contain, are ready for fertilisation. 

The Phanerogams, whose sporophytes have been treated of 
at considerable length in the preceding pages, have, as we have 
seen, two kinds of spore, the pollen grains or microspores and 
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the embryo-eacs or megaspores. Each kind produces its appro- 
priate gametophyte. The pollen grain gives rise on genxdnatiori 
to a tubular structure something like that of Salvmia^ but it 
does not bear an antheridium. Two gametes are produced in 
each tube which are altogether undifiFerentiated except in three 
species of Gymnosperms {Cycas, Zamia,, and Gvnkgo). 

The embryo- sac or megasporc, on gennination, produces a 
gametophyte in its interior. This is a further development of 
the process of endosporous formation of the prothallium which 
we have seen indicated in Salvinia and Selaginella, The 
germination of the megaspore takes place in the interior of the 


Fig. 482. 



Fig. 482. (lermiuation of megaspore of Selaginella. After Pfeifer. 
arcfi. Arohegoiiium. eiu, em\ Young embryos. oo». Unfertilised oospherc. 

sporangium or ovule, from which, indeed, it is never set free. 
In the Gymnosperms the gametophyte consists of a large 
number of cells ; wl^le its morphological nature was not under- 
stc^d, it received the name endospervif which still continues to 
be applied to it (fig. 488). In the Angiosperms it is very much 
reduced, consisting, whei\ mature, of only a few cells or masses 
of protoplasm, some of which have no cell- wall (fig.4M). In 
the Gymnosperms the archegonia, usually several in number, 
are well developed, and are much like those of Selaginella. 
In the Angiosperms there is no archegonimn, and a single 
oosphere lies free in the cavity of the spore (fig. 484, oo«), being 
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hardly distinguishable from the other cells which are near 
it. After fertilisation in these plants, the gametophyte imder-« 
goes a further development, the cavity of the spore becoming 
filled by a tissue bearing the name of endoapenn. This is, how- 
ever, not morphologically comparable to the tissue bearing 
the same name in the Gymnosperms, which is developed before 
differentiation of the sexual cells, and is morphologically the 

Fici. 483. Fui. 484. 



Fig. 483. Megasiwraiigiuiu (ovule) of Finm at maturity. After l)odel Tort. 
meg. Megaspore, end. Gametophyte or prothallium, arch. Archegoniu. 
p.g. Pollen-grain or microsiwre, which has been trausi>orLeil to the micro- 
pyle of the ovule and has put out its prothallium, the pollen-tube, p.t. 
Fig. 484. Megasporangium (ovule) of nu Angiosperm. meg. Mugaspoi'e. 
<m. Oosphere. p.t Pollen-tube. 


same structure as the prothallium of the higher Cryptogams, 
Its exact nature is for the present imdetermined. 

r 

The Gametes. 

In the lowliest Algae the gametes ^are not very different in 
appearance from the zoogonidia which the same plants produce, 
and are liberated in large numbers from the cells in which they 
originate (fig. 485). They are somewhat pear-shaped masses of 
protoplasm, without any protective coat, and are motile by 
means of two long tails or flagella of protoplasm, which spring 
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from the narrow end of each mass. There is no difference 
Ij^tween the gametes of such plants, which are consequently 
called isogartwus. In certain other isogamous Algee (fig* 486) 
the gametes are produced singly in each cell, and are then -of 
greater dimensions, 
and are not furnished 
with hagella. These 
are not discharged into 
the water, as are the 
flagellate ones. The 
body arising from the 
fusion of the gametes 
of isogamous plants at 
once secretes round 
itself a delicate cell- 
wall, and is called a 
zygospore. 

In others of the 
Algifi the gametes begin to show a greater degree of differcntia- 
tioD. In some species of Ectocarpus, though they are exter- 
nally similar, certain of them come to rest much earlier than 
the others. In CutleHa they are of two sizes ; they all swim 
Fio. 480. 



met and fused, one gamete pasnea over and unites with the otiier, c, 
d. Adult j!yg08iK)re. 

• 

about on their being liberated from the plant, but the larger 
soon come to rest, while the smaller maintain their power of 
motion much longer. In this plant the gametes of different 
dimensions are developed in receptacles or gametangia of 
different fonn. The more active ones ore held to be male ; 


Fifl. 485. 



Fig. 486 . Part of a filament of Ulothri.v frojn wliich 
tlie gainctea, are escaping. g\ Free gamete. 
17% (lanietes conjugating. 
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those which soonest lose their motility, female. Plants with 
such gametes are called heterogamous. 


Fig. 487. 



Fiij, *187. Conjufifutlon in Mueor Mu~ 
cMo. h. Two liyphae wliioli Imve 
come into contact at thclx apices, 
and eaoli lias out off from itself a 
cell. zpg. Zygxwpore resoltiiig from 
tlie fusion of these cells, zpg^ 
Adult zygospore after germination. 
p. Promycelium bearing a sporan- 
gium, tgff. 


In the lowliest Fungi, such os 
Mucorf we have gametes produced 
on special branches of the myce- 
lium (fig. 487). These are un- 
differentiated masses of proto- 
plasm which are never set free, 
but coalesce in consequence of 
the fusion of the cells in which 
they are formed. 

In plants which ore higher m 
the scale than those mentioned 
we find two kinds of gametes 
distmctly recognisable, which are 
truly male and female. 

The male gamete in the Cryp- 
togams which live under such 
conditions that the coalescence of 
the sexual cells is brought about 
through the medium of water is 
generally a free -swimming piece 
of protoplasm, furnished with cilia 
or fiagella like those of the gametes 
of isogamous plants (fig. 488). 
The shape is usually clavate or 
filamentous, and with very few 
exceptions these gametes have 
no cell-wall. They are known 
as anthero^oids. In most Red 



Seaweeds they have no cilia, and become clothed with a cell- 
wall after their liberation from the gametophyte. In certain of 
the Fungi, especially the Lichens, similar bodies occur, which 
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always have a cell-wall. Both these are frequently called 
^ermatia^ to distinguish them from the motile forms. There 
is some doubt as to the true natiure of the spermatia in the latter 
group, many botanists inclining to the view that they are gonidia, 
and not gametes. 

Throughout the groups of the Mosses and Vascular Crypto- 
gams the ciliated antherozoid is always found {fig» 488). It is 
known to occur also in a few genera of the Gymnosperms, 
Cycas^ Zamia^ and Qimlcgo, 

Fio. 489. 





Fig, 489. a. Branched uiyoeliam of Vystopus with \ oung oogoula, og^ og. 

B. Portion of m>ceHara bearing oogonium, og, with the ooaphere, os ; and 
antberidlum or jioUinodJum, an. c. Mature oogonium, with os, the 
oospore. D. Mature oospore, k, p. Formation of "swann-sporps or zoo- 
spores, G, from tlie oospores, i, t. Protruded endospore. After I)e Bary. 

In other forms in which the coalescence does not take 
place by means of water, the male gamete is only a mass of 
undifferentiated protdplasm, usually of* very small size. It 
never escapes from the seat of its formation until conditions 
are such as to enable it at once to coalesce with the female 
gamete. This form is founS in many Fungi, such as Cystopus, 
and in all the Phanerogams with the exceptions already men- 
tioned. It is always naked, never having a cell-wall apart from 
that of the cell in which it is formed (fig, 489). 

The female gamete does not show so much variation. Its 


222 


MANUAL OF BOTANY 


typical form is that of an ovoid or spherical mass of protoplasm 
without cell -wall or cilia, and it is termed an oosphere. It map 
escape from the gametophyte, as in Fucus (figs. 496 and 496), 
or it may remain where it is formed, and become fused there 
with the male gamete, which reaches it in various ways, as will 
be described later. In the Bed Seaweeds it is not differentiated 
at any time. 

The product of the coalescence of differentiated dissimilar 
gametes is termed an oospore. It immediately clothes itself 
with a cell -wall. Both zygospores and oospores are sometimes 
termed zygotes. 

The Oametangia. 

As the structures in which the spores arc produced are called 
generally sporangia, so the term gametangia may be applied to 
those bodies in which the gametes are formed. 

In isogamous plants the gametangia, like the gametes, are 
indistinguishable from each other. In most cases the gametan- 
gium is a single cell of the filament, showing no difference from 
any of the other cells. Sometimes the contents of the gamet- 
angium divide up into a large number of gametes (Hg. 486) ; in 
other cases the whole of its protoplasm becomes rounded up 
into a single one (fig. 486). 

A similar absence of differentiation marks the gametangia 
of some of the heterogamous fonns. Usually, however, those 
which give rise to antherozoids arc \ery different from those 
which produce oospheres. The former are generally called 
antheridia, the latter oogemia or arehegonia, the last named 
being the most complex in structure. 

The antheridium is usually a somewhat ovoid body, composed 
of several cells ; it is often stalked, and in some cases furnished 
with a kind of lid. In Cliara it is globular and of very complex 
structure. In the low^er plants it is unicellular in many cases, 
and may then produce a single antherozoid. In certain of 
the Fungi it takes the form of a somewhat club-shaped branch 
of the mycelium, and is called a polluiodiuw (fig. 489, an). 
In Salvinia it is the apex of a tube-like outgrowth from the 
raicrospore. In the Angiosperms, w'here again the gametophyte 
springing from the microspore is a long tubular outgrowth, the 
antheridium is not differentiated. 

The gamotangium producing the oospheres is in some cases an 
oogonium, in others an archegonium. The former is unicellular, 
and may, as in Volvox, be hardly distinguishable from any 
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other cell of the plant. In other cases it is an ovoid or spherical 
J;)ody, often mounted on a stalk. It usually produces one 
oosphere, and this often remains in it until fertilisation. In Fucus 
(figs, 498-496) it contains eight oospheres which are released 
by a rupture of the oogonium wall, and come into contact with 
the antherozoids after their escape. In Chara (fi^, 490, s) the 
oogonium is surrounded by an investment of cells which enclose 
it, except at the apex. 


Fio. 490. 



Fig. 490. a. Portion of the axis of Cham 
fragilix. tt. Nuciile or oopfonlum. a. CUobnle 
or antheridium. ft. Intemode. r. Crown or 
corona of nucule. /3. Abortive loavea. /S', 
Sterile l^hets. n. sk. Nucule, andrt, 
Rlobnle, both in an early stage of develop- 
ment. «c. N<Klal cell of leaf. u. Union cell 
between it and basal node of globule. 1. 
Cavity of interhode of leaf. hr. Cells of leaf 

covered with corte.v. After Sacha. Fig. 

491. A portion of a filament, jff/, of 492, 
in the cella of whicli tlie antherozoids are 
developed ; with a 2-ciIiated nvtherozoid by 
its side. — Fig. 492. A globule out in half 
to show the oblong cells or manubria, c, and 
the separate filaments,//.^ After Henfrey. 


Fio. 401. 



Fin. 492. 



In plants above the Thallophytes the female gametangium 
is an archegonium. It is multicellular, and consists of a swollen 
basal portion or venter conlaimng the oosphere, and surmounted 
by a neclc or narrow portion, the length of which varies in 
different groups of plants (fig, 497). 

A good deal of difference in completeness of differentiation 
of the gametangium is found in different groups. Its reduction 


224 


MANUAL OF BOTANY 


reaches its greatest extent in the Angioeperms, where the- 
arehegonium is apparently unrepresented, or represented onl^ 
by the oosphere, the latter being one of the few ocUs to which 

Fig. 498. 



Fig. 493. Vertical Hection of a female conoepta^ile of Fucut vesieulotiit 

oontainlng oogonia aud paraplijaes. 'After Thuret. Fig. 494. 

Antheridla, a, a, on the branched hairs of the male oonoeptack. 
After Thuret. — Fig. 496. Oogonium with the oospheres fully differen- 
tiated and disenga^Dg theigiselves from their ooyerings. After Thuret, 

Fig, 496. An oosphere surrounded by aianumber of antherozulds, one of 

which ultimately fuses with it, 

the gametophyte is reduced, all of which lie in the inside of the 
megaspore. In suoh Fungi as possess an oogonium {fig, 489, og) 
it is rudimentary, and consists only of a swollen head at the 
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end of a special branch, from which frequently both oogonium 
•nd pollinodium arise. 

In the Red Seaweeds the female organ, as we have seen, 
contains no difiFerentiated oosphere. It is a unicellular or multi- 
cellular structure known as b, procarp {fig. 498, pr)^ and consists 
of a slightly swollen basal portion, prolonged upwards into a fila- 
ment called the trichogyne^ which is the part which fuses with 
the spermatium, in fertilisation. The procarp does not open, but 
when the spermatimn comes into contact >vith the trichogyne, 
the parts of the cell-walls which are touching become absorbed, 

Fig. 497. 



Fiff. 497. Arcliugonium of u Liverwort 
cJuintta). ti. Neck. oot. Oosphtsre. n. Au- 

theroz»jklR. Fig. 498. Procarp of one of tiie 

Kcd Seaweeds, (r. Triobogyue. sp. Si^er- 
inatin. After Kny. 

and the'eontents of the spennatium pass into the procarx) through 
the opening. A somewhat similar arrangement is described 
for certain of the Fiqjgi, where it is called an archicarp. 

^he position of the gaiuetangia varies in different plants ; 
in some they may occur on any part of the plant body, which 
gives no indication of special differentiation with a view to their 
occurrence; in others, particularly those whose gametophyte 
shows complexity of structure, they are confined to particular 
portions which sure modified in a way that suggests the sporo- 
phore or inflorescence of the differentiated sporophyte. The 
greatest specialisation is shown in certain of the thalloid 
VOL. I. Q 


Fig. 498. 
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Liverwoi’ts {figs. 499 and 600), where both antheridia and 
archegonia are borne upon special erect branches of the thallusf 
These differ in form : the antheridial receptacle is a body with 
a flattened head, on the upper surface of which the antheridia 
are placed in narrow pit -like depressions ; the archegonia occur 
on the under side of a similar vertical receptacle, which shows 
radiating rib-like branches spreading out from the axis. The 
archegonia are here surrounded by modified leaves constituting 
the pericheetiuni. A less evident specialisation is seen in the 
Mosses and Ferns, Generally in the former, both antheridia 
and archegonia occupy the summit of special leaf-crowned 
branches, and are surrounded by hairs of curious form known 

Fig. 499. Fig. 600. 




/'*//. 499. Torttou of the thulliitj of Afnr- 

liOiitlii'; afitlicriduU bmiioh. 

/'"if/. 5U0. bmncfi of A/ar- 

chanlM. pc. roricliaitlim). 


paraplujscs (/rV/. 601). In the latter the sexual organs are 
generally confined to a thickened poii}ion of the prothalliuni, 
extending centrally along the under side and known as the 
cushion. 

In such of the Algoe as show a differentiation of their body, 
simulating stem and leaf, the gametangifi g,re borne upon those 
portions which resemble the latter. In Fucus tmd its allies, in 
which the plant body is a thalloid shoot, there are special ter- 
minal collections of them, each being formed of a number of 
almost closed depressions or pits, known as conccptacles (figs. 6 
and 493). In some species each oonceptacle contains both 
antheridia and oogonia, in others only one or the other kind. 

In consequence of the generally slight morphological differ- 
entiation of the gametophyte as compared with the sporophyte, 
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we find a somewhat different distribution of the reproductive 
organs in the two cases. As we have seen, the sporangia are' 
usually borne upon leaves which may bo highly specialised or 
may be almost indistinguishable from the foliage leaves. The 
occurrence of axial sporangia is much less common, though, as 
we have seen, it is met with in many very diverse groups. On 
the other hand, the gametangia are much more generally axial 
in origin, rarely being found on leaves, and then on those which 
are not highly specialised. 

In the Mosses and Ferns and their allies the sporophyte is 
at its origination always attached to the gametophyte, in con- 

Fio. 601. 



Fiy. 601. Vertical section through apox oi male plant of a Moss, Alninm hornum 
( X 40). an. Ajutheridla. par. Puruphyaes. 

sequence of the zygote germinating without being set free from 
the archegonium. The spore is, however, always detached from 
the sporophyte before germination. This is not the case in the 
Phtipcrogams, where, from the mode of its development, the 
megasporo always remains in the sporangium. The microspore 
in these plants is, on the other hand, always set firee. 

As wo have thus cases in which the gametophyte, which 
bears the female cell, is developed in the spore while the latter 
remains in the sporangium, and others in which the spore escapes 
before the gametophyte arises from it, we find two methods of 
fertilisation which are characteristic of those respective groups. 

Qa 
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Whore the spore produces the gametophyte after liberation 
from the sporangium, fertilisation takes place by a free -swimming 
antherozoid making its way to an archegonium, down the neck 
of which it passes to the oosphere. Where the mogaspore 
remains attached to the plant its prothallium or gametophyte is 
inaccessible to antherozoids, and these are therefore not de- 
veloped. The microspore is carried by various agencies to the 
tissue either of the megasporangium itself as in the Gymno- 
sperms, or to the sporophyll or carpel which bears the mega- 
sporangium (ovule) as in the Angiosperms. The prothallium 
produced from the microspore, which wo have seen is a long 
tubular outgrowth known as the pollen-tube, bores its way 
through the tissue on which it finds itself and makes its way 
into the interior of the megasporc, now containing its gameto- 
phyte (fig8, 488 and 484, The male gamete fuses with 

the oosphere, forming a zygote, as in other cases. As usual, 
the latter surrounds itself with a cell-wall. In the Angiosperms 
it very shortly afterwards divides into two ceUs, of which the 
upper one becomes the 8U8jje7i8or, consisting of a chain of cells 
in consequence of repeated transverse divisions. The lower 
develops into the embryo or young sporophyte. In the Gymno- 
sperms the suspensor and the embryo are produced somewhat 
similarly, but from only part of the zygote. The embryo, after 
a short period of active growth, becomes quiescent and remains 
inside the spore for a considerable period. The megaspore, 
still enclosed in its sporangimn, now contains the gametophyte 
and the young si)orophyte to which the latter has given rise, 
and constitutes the body which is called the seed. No further 
development takes place until the latter becomes detaehed from 
the parent sporophyte- 

In some of the Gynmospemis the process is somewhat 
different. There arc several archegonia in the prothallus or 
endosperm, and each contains its oosphere. More than one 
may become fertilised, and consequently more than one young 
sporophyte may be originated. In many .genera also the zygote 
gives rise to more than one embryo. This phenomenon is known 
as polyemhryony. Though many embryos are thus produced, 
only one as a rule matures. f 

It is evident from the history of development that only such 
plants can produce seeds as have all the stages of the life of the 
gametophyte carried out while the latter is attached to the 
parent sporophyte. 



CHAPTER III. 


MORPHOLOGY OF THE FRUIT AND SEED. 

The Fruit. 

The act of fertilisation not only stimulates the further develop- 
ment of the oosphere, but brings about changes in neighbouring 
parts which are not directly concerned in the sexual process. 
The parts so modified may belong to both gametophyte and 
sporophyte as in the Phanerogams, or to the gametophyte alone 
jis in the Cryptogams. The gametophyte in the Angiosperms, 
as we have seen, undergoes changes, leading to the formation of 
the endosperm; the tissue of that part of the sporophyte in 
which it is embedded is also modified in various ways, especially, 
though not exclusively, the sporophyll or carpel in which the 
megasporangiura is found. The structures resulting from any 
such development of the sporophyte form what is known as the 
fruit 

Among the structures which are often called fruits in the 
Cryptogams we must include such forms as the cystocarps of 
some of the Red Seaweeds, in which the wall of the structure 
is derived from certain cells which are in the immediate neigh- 
bourhood of the sexual gamete. Rudimentary forms of ftnit 
may also be recognised in the Mosses. In these cases, however, 
the modified structure is always derived from the gametophyte, 
and is not morphologically comparable to the fruit of the 
Phanerogams. 

It is, however, ii^the group of the Phanerogams that we find 
thj greatest variety of fruit, which we must now examine in 
some detail. 

Cha/nges in the Pistil during the development of the Fruit 

The fruit, being generally the ovary after a certain amount 
of development or alteration, should correspond with the latter 
in its structure. This is often the case, and the fruit consists of 
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the same parts as the ovary, but in a modified condition. 
The walls of the ovary commonly alter in texture, and cithei 
become dry, membranous, coriaceous, woody, &c.; or, on the 
contrary, more or less pulpy, fleshy, &c. 

In other cases more important changes take place during the 
ripening of the ovary which disguise the real mode of construc- 
tion of the fruit. These changes arise either from the addition, 
abortion, or alteration of parts. 

1st. The addition of parts is commonly produced by the 
formation of the spurious dissepiments already alluded to. In 
Datvra Stramonium, for instance, we have a two-celled ovary 
converted into an imperfectly four- celled fruit by the formation 
of a spurious vertical dissepiment (figs^ 419 and 420) ; this 
dissepiment appears to be formed by the projection of the 
placentas on the two sides, which meet and become united to 
corresponding projections from the dorsal sutures. In Cassia 
fistula (fig. 417), again, and some other fruits of a similar 
nature, we have a one-celled ovary converted into a many-ceUed 
fruit by the formation of a number of transverse dissepiments. 
In Pretrea zangueharica, a one-celled ovary is converted into a 
six-celled fruit (fig. 602) by an extension and doubling inwards 
of the placenta. In Trihulus terresti'is the ovary is five- 
celled ; but as it approaches to maturity, each cell (figs. 503 and 
604) becomes separated into as many divisions as there are seeds 
contained within it, in consequence of a corresponding number 
of projections from its walls. Other examples of the formation 
of spurious dissepiments producing changes in the ovary have 
been already mentioned. ^ 

2nd. Other alterations are produced by the abortion or 
obliteration of parts, as the ovary ripens. The young ovary 
of the Oak consists of three cells, each of which contains two 
ovules, but the fruit has only one cell and one seed, so that in 
the course of development five ovules and two cells have become 
obliterated. In the Birch we have an ovary with two cells, 
containing one ovule in each, but the fruit is one-celled and one- 
seeded, so that here one cell and one* ovule have become 
obliterated. In the Ash, Horse-chestnut, Elm, and many other 
plants, similar changes ore produced by the abortion or oblitera- 
tion of certain parts of the ovary. 

3rd. Changes are frequently caused in the ovary from a great 
development of succulent parenchyma. This is associated also 
with changes in the contents of the cells of the parenchyma, 
which become charged with sugar, vegetable acids, and various 
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flavouring matters, giving its peculiar character to each fruit, 
^he pulp of the Guava, Gooseberry, Tomato, and some other 
fruits, in which the seeds are embedded, appears to be produced 
from the placentas ; and that of the Orange is of a similar nature. 
The succulent parenchyma in other cases becomes dry and hard, 
leading to the formation of woody or papery fruits. 

Although the fruit may thus be described as consisting 
essentially of the ovary or ovaries, modified in the directions 
described, other parts of the flower are also frequently present, 
and enter into its composition. In those cases where the 


Fm. 503. 



Ft(j, 502. Tranavorsti section of tbe fruit of 7au(/uf‘hn From 

Ijliidloy. Fig. 503. A vertical section of a coll of the ovary of Tiilutltn 

fcrrt'xfrix. 0 , 0 , 0 . Ovules, c. Projections from the wall wlilci arc corn- 

mcnciiij^ to wparatc the ovules. Fig. 604. A vertical section f a cell of 

the mature ovary or fruit of the same, in which tlie partitio us, c, com- 
pletely separate the six^ils, g. Fig 606. Pseudocarp of the Strawberry. 


rcceptacular tube is adherent to the ovary, as in the Apple, 
Quince (/iff, 299), Pear, Melon, and Gooseberry, it necessarily 
forms a part of the fruit; in the Rose the concave thalamus 
(/iff. 285, r, r), which bears the carpels on iti inner surface, 
becomes a portion of the fruit ; in the Strawberry (fiff. 506) the 
fruit consists of the succulent hemispherical thalamus, bearing 
the carpels on its convex surface; in the Acorn (/iff, 197), 
Hazel-nut (/iff. 198), and Filbert, it consists of pistil and bracts, 
combined together. 

We have further a third kind of fruit, in the construction of 
which several flowers take part ; in the Pineapple (/iff. 167) it 
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coasiste oT their ovaries, floral envelope^ aaa bracts, all of which 
have coalesced mi become sueeiileiit ; in Fig also (fif/. 20^ 
we have a fruit produced by a number of separate flowers en- 
closed in a hollow fleshy receptacle. These examples show, that 
although the fruit consists essentially of the modified ovary', yet 
the term is also applied to whatever is combined with the ovary 
so as to form a covering to the seeds. Fruits which are formed 
from a single flower, but not entirely from the pistil, we now' 
commonly termed 8/)t/r/ot/^ fruits or pseudocarpa, while those 
formed entirely from the pistil are called true fruits. Those 
which are formed from several flow'ors are known as u^^Teguted 
or anthocarpous fruits. 

General CHABAfTERs op the Fruit.— T he structure of the true 
fruit resembling in all important particulars that of the ovary, the 
modifications which it presents, as to composition, position, &c., are 
described by similar terms. We may have simple or monocarjiellary 
and compound or polycarpellary fruits ; also apocarpems and 8\in- 
carpous ones. Simple fruits, like simple ovaries, are normally 
one-celled or unilocular ; while a polycarpellary fruit may have one 
or more cells, according to the absence or presence of dissepiments, 
and the number of cells is indicated by terms similar to those used 
when speaking of the compound ovary. 

The fruit, like the ovary, necessarily possesses one or more 
placentas, to which the seeds are attached ; and the same terms 
are nsed in describing the different kinds of placentation, as in the 
case of the ovary; these differences are usually more evident in 
the fruit. 

The fruit, again, is described as superior or inferior^ in the 
same sense as these terms are used in speaking of the ovary. 

A fruit is infeiior when it is formed from an inferior ovary, as in 
the Melon ; it is superior, as in the Mignonette {fg. 209 ) and Pea 
{fig. 612 ), when the ovary is superior, and the calyx non-adherent. 
Inferior fruits should, strictly speaking, be classed with pseudocarps, 
as they include parts of other structures than the pistil. They are 
generally, however, reckoned among true frnits. 

The base of the fruit is that point by which it is united to the 
thalamus ; the apex is indicated by the attachment of the style ; 
hence in those ovaries where the style is lateral or basilar, ad in 
many Rosacece (figs. 441 and 442 ), Lahiatcc (fig. 412 ), and Bora- 
ginaceoi (fig. 413 ), the organic apex ofHhe fruit will be also thus 
situated, so that the geometrical and otganic apices will be very 
different. 

Composition or the Fruit. — ^The fruit when perfectly formed 
consists of two parts : namely, the pericarp^ and the seed or seeds 
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contained within it. In the majority of cases when the seeds 
a«e abortive :&e pericarp withers, and the fruit does not ripen. 
But there are many exceptions to this ; the Bananas and many 
Oranges and Grapes produce no seeds, but the pericarp is never- 
theless fully developed ; and in Plantains and the Bread-fruit 
the pericarps develop most extensively, and become best adapted 
for food, when the seeds are chiefly or entirely abortive. 
Generally speaking, however, the development of the seeds and 
pericarp proceeds together after the process of fertilisation has 
been effected, and only then can perfect fruit be formed ; for 
although in common language we apply the term fruit in those 
instances where no seeds are produced, yet strictly .^peakln^, 
such are not fully formed fruits, but only enlarged and swollen 
pericarps. 

Ths Pericarp, 

In some cases the pericarp clearly indicates its homology 
with a leaf-blade by remaining in a condition not very dissimilar 

Fig. /)0C. 



Fig i06. bladtiery lepame of the BIa»l(ier Si-una 

{ flohitea arborexcem). 


to that part of a leaf folded inwards and imitod by its margins, 
as in the Bladder Senna (fig, 506) ; such a fruit is described as 
folio/Ceous or leafy. 

In the majority of fruits the pericarp consists simply of the 
modified walls of the ovary ; but when the calyx or receptacle 
is adherent it necessarily presents a more complicated structure. 

The pericarp sometimes exhibits three layers or regions {fig ^ 
584) : an external, called the epicarp or exocarp, ep ; a middle, 
the *mcBocarp, mi\ and an inner, the endocarp, en. If the 
middle layer becomes fleshy or succulent, it is then termed the 
narcocarp ; the inner lay^r in some fruits becomes very hard, 
and is then called the eione or putamen. 

These layers are well seen in the Peach, Apricot, Cherry, 
Plum, and most other drupaceous fruits ; the separable skin is 
the epicarp ; the pulpy part, which is eaten, the mesocarp or 
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sarcocarp; and the stone enclosing the seed, the endocarp or 
putamen. In the Almond, the seed is enveloped by a thrn 
woody shell, constituting the endocarp, which is itself surrounded 
by a thin green layer, formed of the combined mesocarp and 
epicarp. In the Date the outer brownish skin is the epicarp ; 
the thin paper-like layer enclosing the seed is the endocarp ; 
and the intermediate pulpy part is the mesocarp or sarcocarp. 
In the Walnut, the woody shell enveloping the seed, which is 
commonly termed the nut, is the endocarp ; and the green 
covering of this, called the husk, consists of the mesocarp and 
epicarp combined. In these fruits, and in others which might 
be quoted, the pericarp is more or less diiferentiated into 
separate layers ; but in most cases no such differentiation can 
be observed. 

In describing the structure of the carpel, we found that the ovary 
presents two sutures : one of which, called the ventral suture, 
corresponds to the line of union of the margins of the lamina of the 
oarpellary leaf, and is consequently turned towards the axis or centre 
of the flower; and the other, termed the dorsal suture, corre- 
sponds to the midrib of the lamina, which is directed towards its 
circumference. The simple fruit being formed, in most cases, 
from the mature ovary, also presents two sutures, which are 
distinguished by similar names. These, like those of the ovary, 
may frequently be distinguished externally, either by a more or 
less projecting line, or by a slight furrow; in the Peach (fig. 537), 
CheiTy, Plum, and Apricot, the ventral suture is very evident, 
although the dorsal suture has become nearly effaced ; while in the 
Bladder Senna (fig. 606), Pea, and other fruits of the Leguminosip, 
both dorsal and ventral sutures are clearly visible externally. 

In a polycarpellary ovary with two or more cells, in which the 
placentation is axile, it must be evident, of course, that the dorsal 
sutures alone can be observed externally, as the ventral sutures of 
the component ovaries are turned towards and meet in the axis of 
the flower, and are hence removed from view ; it follows also that 
the number of dorsal sutures corresponds to the number of carpels of 
which such an ovary is formed. In a truit presenting similar 
characters, we find of course a similar disposition of the sutures. 
When an ovary, on the contrary, is formed of the blades of two or 
more carpellary leaves, the margins^of which are not inflected, 
or only partially so, and is therefore one-celled, and the placentation 
parietal or free central, both ventral and dorsal sutures may be 
observed externally, alternating with each other. The fruit, which is 
formed in a similar manner, necessarily presents a similar alter- 
nation of the sutures on its external surface. 
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Dehiscence, — The pericarp in some cases opens or splits 
when the fruit is ripe, so as to allow the seed or seeds to escape ; 
in other cases it remains closed, and the seeds can then only 
become free by its rupture or decay. In the former case the 
fruit is said to be dehiscent ; in the latter, indehiscent. Those 
fruits such as the Nut, Cherry, Apricot, Plum, and Date, which 
have very hard or fleshy pericarps, are usual Ij^ indehiscent. 

Dehiscent fruits open in various ways : — 

1st. By splitting longitudinally, either in the lines of the 
dorsal sutures, or at the junction of the component carpels only, 
or at these points as well as at the dorsal sutures. lu all such 
cases the pieces into which the fruit separates are called valves, and 
these valves, when the fi*uit is normal ui its stnicture, are either 
equal in number to the cells, or component cai*pel8, or they are twice 
as numerous. In fruits formed of a single carpel, which open only 
by the ventral or dorsal suture, there will be only one valve ( figs. 
510 and 511), corresponding to the one carpel ; but if the carpel 
opens by both sutures (Jig. 512), there will be two valves. In fruits 
composed of several cells the valves will be equal in number to the 
component carpels, if the dehiscence takes place oiily by the dorsal 
suture (figs. 51 C and 517), or in the line of union of the component 
ovaries (figs, 513 and 514) ; or they will be double the number, if the 
dehiscence takes place by both these parts. In polycaipellary one- 
celled fruits the valves will be equal in number to the component 
carpels, if the dehiscence occurs only by the ventral ( fig. 522) 
or dorsal sutures (fig. 515) ; or double the number, if by all the 
sutures. When there is a distinct axis left after the separation 
of the valves, this is called the columella (fig. 543, a). 

2nd. By splitting transversely, so that the upper part of the 
fruit separates from the lower like the lid from a jar or box. 

3rd. By rupturing in an irregular manner by little jiores. 

We have thus three kinds or classes of dehiscence, which are 
called respectively : — 1. Valvular ; 2. Transverse or Circumscissile ; 
and 3. Pcyrous. 

1. Valvular Dehiscence. — This may be either partial or com- 
plete: in Dianthus (fiif. 608), Lychnis (fig. 607), and many other 
members of the Caryophyllacccc, the dehiscence takes place only at 
the upper part of the fruit, which then appears toothed, the number 
of teeth corresponding to that^ of the valves in complete dehiscence. 
A somewhat similar mode of partial dehiscence occurs in certain 
Saxifrages, and in the Mignonette (fig. 609) ; in the latter plant one 
large orifice may be observed at the summit of the fruit at an early 
stage of its growth, and long before the seeds are ripe. At other 
times the separation of the fruit into valyes is more or less complete, 
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so that tho nature of the dehisoenoe is at once evident. There are 
various modifications of these complete forms of valvular dehisceijce. 
In fruits which are formed of but one carpel, the dehiscence may 
take place by the ventral suture only, as in the Columbine (fig. 610) 
and Aconite (fig. 663) ; or by the dorsal suture only, os in some 
Magnolias (fig. 611) ; or by both dorsal and ventral sutures, as in 


Fio. 607. Fig. 508. Fig. 609. 



Fig. 507. Fruit of Lychnis. Fig. 608. Fruit of IHanfhtm. /V( 7 . 509. Fnut 

of Mignonette (Rfteda). Fig. 510. Follicle of Columbine (AQuilegia) 

deblaolug by ventral suture. Fig. 611. Follicles of Magnolia glauca 

each dehiscing by Its dorsal suture. Tlie seetls are suspended from tlic 

fruits by long stalks or funioull. Fig. 612. Legume of the Pea, which 

has opened by both dorsal and ventral Biitures ; hence it Is two-valved 
c. Calyx, ep. Epicarp. pi. Placenta. ot>. Seeds attached to the placenta 
by a funiculus or stalk,/, en. Endooarp. • 

the Pea (fig. 512), Bean, and many other members of the Leguminosce. 
This form of dehiscence is commonly jenown as sutural. 

In compound fruits having two or more cells, and therefore axile 
placentation, there are three kinds of valvular dehiscence, which are 
called respectively s&pticidal, loculiddaU and septifragal. 

A. Septiddal DeMscence.—ln this the fruit is separated into its 
component ovaries or carpels by a division taking place between the 
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two halves of each dissepiment (figs. 514 and 513). Examples may 
boi seen in Colchdcum and Rhododendron. Here each valve corre- 
sponds to a cai-pel, and the valves are said to have their margins 
turned inwards. In this dehiscence the placentas, with the seeds 
attached, are carried away with the valves, as in Colchiciim (fig. 514). 

B. Loculicidal Dehiscence. — This term is used when each 
carpel opens by its dorsal suture, or through the back of the cells, 
and the valves separate from the axis, carrying the dissepiments 
with them (figs. 516 and 517). Here each valve is composed of the 


Fig. 513. Fig. 514. Fig. 516. 



/Vy. 613 Capsule of the Meadow Suftroii ((-Wf/i/cum auftwimlt'), showing 

scpticidal deliisoenee. /V//. 614. * Diagrjtm of scpticidjd deldscenoo, 

showing tile plooentus and seeds dhmod away with tlie valves. /’tf/. 

616. Oue-cellc^ frilit of Heartsease (Viola yncolor), dehiscing in u loeuli- 

cidal itiaiincr. Fiff. 610. Capsnlo of a species of Utbtsciu^ delilw^ing 

loculioidally. v, v. v. Valves, c. Bisst'piments. g. Seeds. Fig. 617. 

Diagram of loculicidal dehisceuce, in which the valves carry the placentas 
with them. 

united halves of two adjoining carpels, and the valves bear the 
dissepiments in the middle. Examples may be seen in the Iris 
(fig.SQ2) and Hibiscus (fig. 516). 

C. Septifragal Dehiscence, — In this form of dehiscence the 
cai-pola open by their dorsal or ventral sutures, as in loculicidal or 
septicidal dehiscence, and at the .same time the dissepiments rupture, 
so that the valves fall away, leaving the seeds attached to a central 
column (figs. 519 and 620). This form of dehiscence may be seen 
in Daiiera Stramonium (fig. 621) and Cedrela (fig. 619). The pla- 
centas bearing the seeds are here attached to the axis, a, between 




Fvj. 518. Diagram of BCi>tlfragal comWiied with Hopticlrial (ieliisoeuw, ahow- 
iug the valves breaking away from a central column formetl by the union 

of tlie placentas. Fig. 619. Capsule of tWrela augtistifoHa^ showing 

septifragal dehiscence, e, c, t>. Valves, a. Axis bearing the dlBSoplments, 

c, e, and seeds, g. Fig. 620. Diagram illustrating septifragal combined 

with loculicidal dehiscence. Fig. 621. Capsule of Datura Slranwnium, 

showing septifragal dehiscenoe. 


dehiscence takes the septicidal form, and each valve therefore 
represents one of the component carpels o£ the fruit. The dehis- 
cence may, on the other hand, take place through the dorsal sutures, 
as in the Pansy (jig. 515), in which case it is loculicidal, and each 
valve is composed of the adjoining halves of two carpels. These 
forms may he readily distinguished by the varying attachment 
of the placentas and seeds in the two cases ; in the former instance, 
each valve bears the placentas and seeds on its two margins (jig. 
522) ; in the latter, the placenta and seeds are attached to the centre 
of each valve (jig. 515). It happens in some cases, as in the fruit 
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of the Wallflower (fig» 623), that the placentas bearing the seeds 
rejpain undivided, and the valves break away from them, so that 
they are left attached to a frame or replum, which is a spurious 
dissepiment derived from the placentas. 

In polycarpellary fruits with free central placentation, the same 
forms of dehiscence occur as in those with parietal placentation, but 
here it is difficult in many cases to speak positively as to the nature 
of the dehiscence from the absence of seeds or dissepiments upon 
the valves. The plan usually adopted is to count the number of 
the valves and compare their position with that of the sepals or 


Fig. 522. Fig. 523. Fig. 524. 



Fhi One-i’cllwl fruit of a species of Gentiau (lehificiuK in a Repticidal 

inujiiier. Fig. 523. Fruit of siliqua of the Wallflower, Hhowiug the 

sejiaratiou of two valves fn^m the replum. Fig. 624. Fruit of 

Cehiuiliue {Chelidonium magu$\ with the valves separating from the 
plaoeiihis. 

divisions of the calyx. As the different whorls of the flower in 
a regular arrangement alternate with one another, the component 
carpels of the fruit should alternate with the sepals or divisions of 
the ca^’x. Therefore if the fruit separates into as many portions as 
there are sepals or parts to the calyx, and if these valves are then 
placed alternate to them, they i^present the component carpels, and 
tlie dehiscence is consequently of the septicidal type; if, on the 
contrary, the valves are equal and ’opposite to the sepals or divisions 
of the calyx, each valve is composed of the adjoining halves of two 
carpels, and the dehiscence is of the loculicidal type. Sometimes 
the number of valves is double that of the calycine segments or 
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sepals, in which case each valve is formed of half a carpel, the 
dehiscence of the fruit having taken place by both its dorsal and 
ventral sutures. 

In all these varieties of valvular dehiscence, the separation 
may take place either from above downwards, which is by far the 
more usual form (figs. 613, 516, 519, and 621) ; or occasionally from 
below upwards, as in the Celandine (fig. 624), and universally in 
the members of the CrticifercB (fig. 623). 

In some fruits the carpels separate from each other without 
opening ; some of these show the axis elongated, forming a columella 
or carpophore, as in the Mallow, and in the Oeraniacecu (fig. 626, a) 

and UmbellifercB (fig. 640). The 
carpels which are united to it 
separate from it with6ut their 
ovaries opening. The ovaries of 
such carpels sometimes open 
afterwards by their dorsal su- 
tures (fig. 543, sd). When such 
carpels separate with a certain 
amount of elasticity from the 
axis to which they are attached, 
as in some EuphorhuLcea^ they 
have been called cocci {fig. 543, 
c, c, c). All fruits the carpels of 
which separate from each other 
without opening are called 
schizocarps ; they are indehis- 
cent fruits, as the primary split- 
ting does not set the seeds free. 

In certain fruits, such as 
those of Liimm catJiarticum, 
the ovaries open first by their 
dorsal suture, and then separate 
from each other septicidally. 

2. TiiANsvEiisE oa CiRCUiisciBSiLE Dehiscence. — In this kind of 
dehiscence the opening takes place by a transverse fissure through 
the pericarp across the sutures, so that the upper part is separated 
from the lower like the lid of a jar or box'll as in Hyoscyamus ( fig. 
627) and Anagallis (Jig. 660). Sometimes the dehiscence only takes 
place half round the fruit, as in Jeffersonia^ in which case the lid 
remains attached to the pericarp on one side, as by a hinge. 

In the Monkey-pot (Jig. 628), the lower part of the ovary is 
adherent to the receptacular tube, and the upper portion is free ; and 
when dehiscence takes place, it does so transversely at the part where 
the upper free portion joins the lower adherent one, so that it would 
appear as if the adherence of the calyx had some effect in this case 


Fig. 626 . 

Ox 


Fig. 626. 



Ftg. 626. Biagrum of 
septifragjU dehis- 
cence, in which 
the valves have se- 
parated troin the 
ploceutoa, which 
remain as a central 
column with the 
8ee<l8 attaclicd. 
Fi{ 7 . 620. Fruit of a 
species of (if rani- 
urn. c. Persistent 
calyx, a. Axis or 
cariwphore from 
w'hich the ovaries, 
0 , 0 , with their 
styles, f, t, ore se- 
parating. s. Stig- 
mas. 
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in producing the traneverBe dehiscence. Such fruits are sometimes 
oailod opcrculaU, a term which is also applied by other botanists to 
all forms of transverse dehiscence in which tlie upper portion of the 
pericarp separates from the lower in the form of a lid or operculum. 

Transverse dehiscence may occur in fruits which are formed 
by a single ovary or carpel, as well as in the compound ones men- 
tioned above. The lomenta of Coroiiilla, Hedysarum {fig. 529), 
OrnithopicSf &c., separate in this way when ripe into os many portions 
as there are seeds. 

3. Porous Dehiscence. — This is an irregular kind of dehiscence, 
in which the fruits open by little pores or slits formed in their 
pericarps. These openings may be situated either at ^he apex, 
side, or base of the fruit; and they are described accordingly, as 
apicular^ lateral or basilar. Examples of this kind of dehiscence 
are exhibited by the Poppy, in which several pores are placed beneath 

Fio. 527. Fig. 528. Fio. 529. 


Fig. 527. Fruit of Henbane (flgoscpamtu) wltli transverse 

dehiscence. This fruit is termed a pyxis. Fig. 628. 

Pyxis of the Monkey-pot (L^cythU oUaria). Fig. 629. 

Lomentum of a species of Hedysarum Bei)arating trans- 
versely Into one-seeded portions. 




the peltate disc to which the stigmas are attached ; and by A7itir- 
rhinum {fig. 430), where there are two or three orifices, one of which 
is situated near the summit of one cell of the ovary, and the rest 
somewhere in the other. In various species of Camptanula {figs. 
630, t, /, and 631), in which the ovary is inferior, and divided into 
several loculi, each of the latter opens externally by a single pore. 
The pericarp is composed by the adhesion of the receptacular tube to 
the wall of the ovary. Tfie aperture^^ are situated either at the sides 
{fig. 680, /, t) or towards the base {fig. 631) of the cells, and are very 
irregular in ^ape. 

• 

Kinds op Feuit. — Many kinds of fruit have been described 
and several classifications have been proposed for them, but 
there is still not very great accordance among botanists upon 
this subject. 

We have seen that in most cases the fruit arises from changes 
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in the carpels in consequence of fertilisation. All these forms 
may be described as true frit its. It often happens however that 
other parts of the flower undergo siinilai* modifications, and a 
number of structures result, in which the true fruits can fre- 
quently be distinguished separately. The idea of the fruit which 
is associated with these forms is a rather conventional one, its 


Fig. 630. Fig. 631. 



630. Immature fruit of a apecloR of Oam/^awM/rt. p. Pericarp, /. Pores 
at the sides, c, c. Iteoeptacular tube unitoii Inflow to the wall of the fniit 

so as to form a part of the pericarp. Fta- 631. Fruit of a species of 

CamjMnuIa doliinclng ])y por h at Its base. 


leading features being succulence or palatability. Such fruits, 
origiiiating, like the first group, from single flowers, we may speak 
of as spurious fruits or pseudocarps. A third form also is found, 
in which the ‘ fruit ’ is the result of the more or less complete 
cohesion of a number of flowers, various parts of which, or the 
Axis on which they are borne, have become^ucculent. These 
may be called aggregated or cmthocarpous fruits. 

A. True Fruits. 

Of these many varieties occur, rendering a classification 
necessary. As there is a possible broad distinction, based on the 
way they liberate their seeds, we may divide them intc Inde- 
hisemt and Dehiscent fruits. Further division may be based 
on the number of carpels in each. ' 

Indehiscent Monocarpellary Fruits. 

1. The Acliene is a very small superior, one-celled, one- 
seeded fruit, with a dry indehiscent pericarp, which is separable 
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from the seed, altlioiipfh closely applied to it. Such fruits may 
1)% mistaken for seeds, hut can be distinguished from them by 
bearing on some point of their surface the remains of the style. 
This style is very evident in the Anemone (fig, 582). Examples 
may be seen also in the Clematis, and in the plants of the orders 
LnhiatcB and Boraginacete (fig. 588). In rare cases we find a 
fiower producing but a single achene. 

2. The Utricle is a superior, one-celled, one- or few-seeded 
fruit, with a thin, membranous, loose pericarp, not adhering to 
the seed ; generally indehiscent, but rarely opening transversely. 


Fig. 532. 


Fig. 533. 


Fig. 535, 




Fi([. 531. 




/>Va S32. Vertiml sootion 
of an aol)cno of tin* 
Pasqiie-fiower ( A nfivionf* 
PuhattUa). The fniit in 
sjiid t ;0 le tailed in this 
instance in consequeriee 
of belnp Hurmouiito<i by 
a fcsathory Pt.sle.—- — 

5113. Aohonew of Bnffloss 

( Lpco/mx). Ftff, 5:i4. 

Vertical section of the 
dniiM^ of the CheTry. 
M|nearp. ew, Kndocarp. 
mf. MewKiarp. (/. Seed 
with embryo — /'hp. 535 , 
Utrienlar fiuit of Chrmt- 
poihmn. smTonnded l)y 
t lie ]xTsirtent calyx. 


Examples of this kind of fruit may bo seen in Amarantlms and 
Chmopodium (fig. 585). 

8. The Cargnjjsis .is a superior, one-cejled, one-seeded, 
indeliiscent fruit with a thin dry membranous pericarp, com- 
pletely and inseparably united with the testa or akin of the 
seed (figs. 538 and 589). it is found in plants of the order 
Gram'i7iacece. This form must be carefully distinguished from 
a seed, with which it is often confused. 

^ 4. The Drupe. -This is a superior, one-celled, one- or two- 
seeded, indehiscent fruit, having the pericarp altogether separ- 
able into three well-defined layers : namely, cpicorp, mesocarp. 
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and endocarp. Of these the epicarp is a thin skin ; the mesocarp, 
or sarcorarp^ a fleshy or succulent mass ; and the endocarp hard 
and woody. This layer is known as the stone or putameifi, 
hence the drupe is sometimes called a stone-fruit.' Examples are 
afforded by the Peach (Jigs. 686 and 587), Apricot, Plum, Cherry 
{fig. 534), and Olive. The fruit of the Almond presents all the 
characters of the drupe, except that the mesocarp is of a 
toughish texture instead of being succulent. The firuit of many 
Palms, such as the Date, is a drupe whoso endocarp is papery 

Fig. 636. Fig. 537. 




Fig, 536. Druiie of the Peoeh. Fig. 537. The pnme cut vertically. 

and whose seed instead is hard and stony. The latter must not 
be confiised with the endocarp of the Plum, which it resembles 
in texture. Many fruits, such as the Cocoa-nut, which are 
sometimes termed dnipes, are improperly so called, as they arc 
in reality compound, or formed originally from two or more 
carpels or ovaries. They present other characters differing from 
those of monocarpellary fruits. 

The Baspberry {fig. 670) and Bramble bear a number of 
small drupes, or drupels, crowded together upon a conical dry 
thalamus. These fonn an etserio of drupes. 


Indehiscent Polycarpellary Fruits. 

/ 1. The Cypscla. — This differs from the achene by being 
Inferior and bioarpellary. It occurs in all plants of the order 
Compositce. When the calyx is pappose it remains attached to 
the fruit, as in Salsafy and Dandelion. 

. % The Gians or Nut is a dry, hard, indehiscent, one-celled, 
one- or two-seeded fruit, produced from an ovary of two or more 
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cells, with one or more ovules in each cell. During development 
ail the cells but one become obliterated, and this one contain^ 
usually a single seed, the other ovules not developing. The 
pericarp of the nut is not differentiated into layers, and the 
whole is more or less enclosed by a cupule. The Acorn (fig* 197) 
and the Hazel-nut (fig* 198) may be taken as examples. By 
some botanists the fruit of the Cocoa-nut Palm is called a nut, 


Fio. 58& 



Fig. 641. 


Fig. 539. 



Fig. 640. 


Fig. 542. 




FiiJ. 638. Cary^ls or fruit of llie Oat. Fig 630. Sootiou of tlic fruit of 

the Oat. p. Phuuule. r. Radicle. j». Scute! lum. 640. Cremocarp 

or fruit of Angdica, Fig. 8U. Samara or fruit of the Maple. 

Fig. 642. Oarcerule or fruit of the MaUow {Malva). 


but ‘improperly, as its pericarp presents a distinction into epi- 
carp, mesocarp, imd endoc^p. Such a fruit is often described 
as a fibrous drupe. It is not, however, a true drupe, as it is 
polycarpellary. 

^ 8. The Schizocarp * — This term is applied to a number of 
fruits which split away from the axis into pieces corresponding 
to the constituent carpels. They differ from dehiscent finiits in 
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that the splitting does not liberate the seeds. The chief varieties 
are the following? : — 

The Orcmoearj).— An inferior, dry, indehisccnt, two-celled, 
two-seeded fruit. The two cells, or halves, of which this fruit 
is composed, arc joined face to face to a common axis or varpo- 
2 )hor(\ from which they separate when ripe, but to which they 
always remain attached by a slender cord which suspends tliem 
{fig. .540). Each half- fruit is termed a mcdcarp, and the inner 
face the vonnulssun'. E^h portion of tlie fruit resembles an 
achene, except in bein^ inferior; hence the name (liacltasuiutiv 
has been given to this fruit. Examples of the cremocarp are 
afforded by the plants of the order I f mhclllfrree, but it occurs 
in no other order. 


Fi(}. 54l^. Flo. 544. 



6i;i. Fruit of the* CasU>r-oil plaut (liicinm amvntnU)^ with thecnrpc*lt> 
separatiiif? from ejwliotluT witluait opening. Carpels, n. Columella. 

sd. Jlorsal suture wliereeaoh carpel ultimately fjjicna. Fxg. 644. Fruit 

of Sandlx)x-tree {JJura arjulanx). It is coiuik>80»1 of fifteen carpels winch 
separate from the axis when rljie, and burst w!th great force 


The Samara, — A superior, two- or more celled fruit, each 
cell being dry, indebisceut, one- or few-seeded, and having its 
pericarp extended into a winged expansion. Examples are 
afforded by the Maple {fig, 541), Ash, and Elm. By some 
botanists each winged portion of such a fruit is called a samara, 
and such fruits as the Maple apre considered to be formed of two 
imited samaras. 

The Carceriile. — A superior, many-celled fruit, each cell 
being dry, indehisoent, and one- or few-seeded, and all the colls 
more or less cohering by their united styles to a central axis. 
The common Mallow (Jig, 542) is a good example of this fruit. 
The central axis of the carcerule of the Geranium with its 
adherent styles is prolonged upwards into a large beak {fig. 52G). 
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The Begma. — When the schizocarp consists of three or more 
camels which separate from each other and burst with elasticity, 
it has been called a regma^ and the constituent carpels are 
termed cocci. Examples are afforded by Bicinus {Jig, 548) and 
Hura crepitans {jig. 544). 

^4. The Bacca or Berry is an inferior, indehiscent, one- or 
more celled, many-seeded, pulpy fruit {jigs. 545 and 546). The 
pulp is produced from the placentas, which are axile or parietal 
{jig. 545, _pZ), and have the seeds, at first attached to them ; 
but these ultimately become separated and lie free in the pulp, p. 

¥ia. 545. 



l*lg. 646. Transverse section of a l>erry of the (Tooseberry (Ktbes G rossularui). 

pi. Placentas. i. Seeds cml)edde<l in pnlp, p, Fig. 646. Bacemc of 

berries of the Red Currant {Rtbes ruhrum). Fig. 647. Niiculanium or 

fruit of the Vine {^VitU vivifera). F%g. 648. Truusverse sectiou of the 

pepo of the Melon, c/, c/, cf. Carpels. pl,plypl,pl,pl,pl. Curved plnoentas, 
seiKliug processes, jj, from the clrcumfereuce, (, to the centre, and thus 
causing the fruit to be spuriously three-colled. 


Examples are afforded by the Gooseberry and Currant. The 
term baccate or berried is applied by many botanists to any 
pulpy fruit. 

5. The Ampbisarca, — A superior, many-celled, indehiscent, 
many -seeded fruit, indurated or woody externally, pulpy in- 
ternally. Examples, Omplialomrpus^ Adanaonia, Crcscentia, 

6. The Bepo is an inferior, one-celled or spuriously three- 
celled, many- seeded, fleshy or pulpy fruit {jig. 548). The seeds 
are attached to parietal placentas, and are embedded in pulp, but 
they never become free as is the case in the berry ; hence this 
fruit is readily distinguished from the latter. 
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There has been muoh disonssion with regard to the structure 
of the pepo. By some botanists the placentas are considered ^s 
axile, and the fruit normally three-oelled, as it is formed of three 
ovaries or carpels; while by others the placentas are regarded as 
parietal, and the fruit normally one-oelled, as defined above. Those 
who adopt the first view believe that each placenta sends outwards a 
process towards the walls of the fruit, and that these processes 
ultimately reach the walls and then become bent inwards and bear 
the seeds on the curved portions. If these processes remain, the 
fruit is three-oelled ; if, on the contrary, they become absorbed, it is 
only one^celled, and the placentas are spuriously parietal. According 
to the view here adopted, the placentas are parietal, and send pro- 
cesses inwards which meet in the centre, and thus render the fruit 
spuriously three- celled ; if these are imperfectly formed or after- 
wards obliterated, the fruit is one-oelled. This fruit is illustrated by 

Fig. 649 . Fio. 660 . 




/V. 549. Tranayerse seotiou of tbe fruit of the Orange (GUrus Aurantiuni). 

p. Epioarp, e. Mesooarp. d, Endocarp. «, «. Seeds. Fig. 660. Abnormal 

development of the fruit of the Orange, in which the carpels, ce and c<, 
are more or leas distinct instead of being united. 


the Melon, Gourd, Cucumber, Elaterium, and other members of the 
order Cucurbitacece. The fruit of the Papaw-tree resembles a pepo 
generally, except in being superior. 

7. The Nuculanitim . — This fruit, of which the Grape ( fig. 
647) may be taken as an example, differs from the berry only in 
being superior. It is frequently called a berry. 

8. The Hesperidium is a#uperior, many-celled, few-seeded, 
indehiscent fruit, consisting of a separable pericarp, formed of 
the epicarp and mesocarp combined together (fig, 649,^, cj, and 
having an endocarp, d, which projects internally in the form of 
membranous partitions ; these divide the pulp into a number of 
portions or cells, which are easily separated from each other. 
This pulp, as already noticed, is a development of succulent 
parenchyma either from the general inner lining of the ovary, or 
from the placentas only. The seeds, «, are embedded in the 
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Fig. 551. 


pulp, and attached to the inner angle of each of the portions into 
^which the fruit is divided. The fruits of the Orange, Lemon, 
and Shaddock are examples of the hesperidium. It is by no 
means uncommon to find the carpels of this fruit in a more 
or less separated state {fig, 550), and we 
have then produced what are called 
‘ homed oranges,’ ‘ fingered citrons,* &o., 
and the fruit becomes somewhat apo- 
carpous instead of entirely syncarpous. 

9. The Tryma is a superior, one-celled, 
one-seeded, indehiscent fruit, having a se- 
parable fleshy or leathery rind, consisting 
of epicarp and mesocarp, and a hard two- 
valved endocarp, from the inner lining of 
which spurious dissepiments extend so as 
to divide the seed into deep lobes. It 
differs but Httlo from the ordinary drupe, 
tjxcept in being formed from an originally compound ovary. 
The Walnut affords an example. 

10. The Balausta is an inferior, many -celled, many-seeded, 
indehisceiii fruit, with a lough pericarp. It is formed of two 
rows of carpels, one row being placed above the other, and sur- 
rounded by the calyx ; the seeds are attached irregularly to the 
walls or centre. The Pomegranate fruit is the only example 
(fig, 551). 



Fi(/. 661.— Vertical sectiou 
of tbobalausta or fruit of 
tlio Fomoprauato. 


Dehiscent Monocar^wllary Fruits, 

I. The Follicle,— This is a superior, one-celled, one or many* 
seeded fruit, deliiscing by one suture only, which is commonly 
the ventral ; it is consequently one-valved (fig, 510). By the 
latter character it is known at once from the legume, which opens 
by two sutures, and is two-valved ; in other respects the two 
fruits are alike. 

The follicles of Magnolia glauca (fig, 611) and some other species of 
Magnolia open by th^ dorsal sutiJte instead of the ventral. Examples 
o( the follicle are afforded by the Columbine (fig, 652), Hellebore, 
Larkspur, and Aconite (fig. 653). Each of these plants bears a whorl 
of three follicles, arrangec^ on the top of the thalamus, and almost 
touching each other ; each flower of Asclepias, Vinca, and Pceonia 
(^.664) generally forms two follicles ; while the follicles of Lirioden- 
dron and Magnolia (fig, 611) are numerous, and arranged in a spiral 
manner on a more or less elongated thalamus. It rarely happens that 
a flower produces but a single follicle ; this, however, sometimes occurs 
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in the case of the Peeony. The two follicles of Asclepids are more or 
less united at their bases, and the seeds, instead of remaining attached^ 
to the ventral suture, as is the case in the true follicle, lie loose in 
the cavity of the fruit. This double fruit has therefore by some 
botanists been given the distinctive name of Conceptaculum. 

2. The Legume or Pod,— Thi& is a superior, oue-celled, one- 
or many- seeded fruit, dehiscing by both ventral and dorsal sutures 
so as to form two valves, and bearing its seed or seeds on the 
ventral suture. Examples are afforded by the Pea (fig, 512), 
Bean, Clover, and most plants of the order Leguminosce^ which 
has derived its name from this circumstance. 


Fig. 562. Fig, 553. Fig. 554. 



The legume is generally more or less convex on its two surfaces 
and nearly straight ; but it frequently assumes curious shapes. That 
of some species of Medicago becomes spirally twisted so as to resemble 
a screw (fig, 557) ; those of Scorpiurus sulcatics and of some other 
Mcdicagos are coiled upon their long axis after the manner of a snail - 
shell (fig. 555) ; that of Ccesalpinia coriaria is curved like a worm. 
A number of other irregular forms occur. Some plants exhibit 
certain deviations from the ordinary rtructure of a legume ; Astragalus 
(fig. 422) and PJmea (Jig. 423) have one which is two-celled, i^ 
consequence of the formation of a spurious dissepiment, proceeding 
in the former plant from the dorsal and in the latter from the 
ventral suture. In other cases a number of spurious horizontal 
dissepiments are formed, by which the legume becomes divided into 
as many colls as there are seeds; Cassia fistula (fig. 417) affords 
an instance of this and of another irregularity, the legume being 
indehisoent, though the two sutures are clearly marked externally. 
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Other indehiscent legumes are borne by Arachis and Pterocarpus, 
^ which there is sometimes no evident mark of the sutures ex- 
ternally ; such legumes, however, frequently split into two valves like 
those of a pea, when a little pressure is applied as in the ordinary 
process of shelling peas. 

8. JliG Lomentum, — This is a kind of legume which is con- 
stricted in a monilifonn manner between the seeds. Hedysarum 
{Jig, 529), OmithojyuSi and Acacia Sopliora {jig, 558) afford 
examples. It is sometimes called a Idmentaceom legume. This 
fruit, together with the legume, characterises the plants of the 
order Leguminoscc, When the lomentum is ripe, it commonly 
separates into as many pieces as there arc constrictions on its 


Flo. 555. Fio. 557. Fm. 558. 



Fig. 555. Coileil-up leonine of Scorpmrux sulcata. Fig. 666. Simil-likc 

legume of Medteago orbiculata. Ftg. 667. Spiral or serew-iiku legume of 

Lucerne {Medicago). Fig. 658. Lomentum of a species of Acacia. 


surface (Jig, 529), but it may remain entire (Jig, 558) ; in the 
latter case the seeds arc separately enclosed in cavities wliich are 
formed by the production of as many internal spurious dissepi- 
ments as there are external constrictions. 

Dehiaceyit Polycarpella/ry PYuits, 

1. TJie Capmile is a superior, one- or more celled, many -seeded 
dry, dehiscent fruit. • 

The dehiscence may take place either by valves (Colchicum^ 
Ji(j, 513, and Datura, Jig. 521), or by pores (Papaver, and Anthrhi- 
num, fig. 429) ; or trauaversely (Pimpernel, Jig, 660, and Henbane, 
Jig, 527) ; or only itartially (Mignonette, 509, Dianthus, Jig, 508, 
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and Lychmsj fig, 507). When the capsule dehisces transversely 
the fruit has received the distinctive name of Pyxis, The capsula 
is either one-celled (Mignonette, fi^. 509, Pansy, Jig* 616, and 
Gentian, fig, 622) ; or two-celled (Scrophularia^ fig, 661) ; or three- 
or more celled (Colchicum^fig, 513, and Datura, fig, 621). Helicteres 
(Jig, 669) shows a very remarkable and aberrant form, being com- 
posed of five carpels twisted spirally together. The capsule is a 
very common fruit, and is found almost universally in many Natural 
Orders, as Papaveracecu, Carophyllacecc, PrimulacecB, Scrophu- 
laricLcecc, Qentianacece, cfec. 

When a fruit resembles the ordinary capsule in every respect, 
except that it is inferior, it has received the name of Diplotegia, 

Fig. 661. 




Fig. 669. Spiral capsule of a sjHHjies of llelxcteres. Fxg, 660. Pyxis of 

Pimpernel {Anag^lU). Fig, 661. Capsule of a species of Scrgphularia, 

dehiscing septioidally. 



2. The Siliqua is a superior, spuriously two-celled, many- 
seeded, long, narrow fruit, dehiscing by two valves which separate 
from below upwards, and leave the seeds attached to two 
parietal placentas ; these are commonly connected together by a 
spurious vertical dissepiment, called a replwni (fig, 663). The 
placentas are here opposite to the lobes of the stigma, instead of 
alternate with them, as is usually the case. Examples of this 
fruit are afforded by the Wallflower {figJ668)f Stock, Cabbage, 
"and a large number of other members of the order Ortbcifer'iB, 

The siliqua is sometimes constricted in the speuses between 
the seeds, like the lomentum, in which case it is indehiscent ; 
it is then called a lomentaceouB aiUqua, Baphanus sativus has 
a siliqua of this description. 

3. The Silicula, — This fruit resembles the siliqua very 
closely, but it usually contaius fewer seeds. The siliqua may 
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bo described as long and narrow, the siUmla as broad and 
tfhort. Examples occur in the Shepherd’s Purse {fig, 564) and 
Scurvy-grass. 

The silioula and siliqoa are the characteristic forms of fruit in 
the Natural Order Crucifer m. 

4. The Diplotegia , — This is the only kind of inferior fruit 
which presents a dry dehiscent pericarp. It has already been 
stated, under the head of Capsule, that the diplotegia differs &om 
the latter only in being inferior. The species of Iris {fig, 562) 
and Campanula {figs, 530 and 531) afford examples of this fruit. 

Fig. 663. Fig. 564. 


Fig. 662. 





Fig. 562. Inferior capeular 
fruit {diplotegia) of the Iris, 
opening in a loonlioirlal 

manner. Fig. 563. Fruit 

or siliqna of the Wall- 
flower, showing the seiiara- 
tion of the two valves from 

the replum. Fig, 504. 

Silicula of Shepherd’s Purse 
{Capxella). 


The diplotegia may open either by pores {fig, 630), or valves 
{fig, 562), or transversely, like the ordinary capsule. In the 
latter case, as with the true capsule with transverse dehiscence, 
the fruit is called a Pyxis, 

5. The Cone , — As we have seen, the pistillate flower of the 
ComfercB has the form of an axis bearing a number of leaves 
arfanged spirally along it, each being regarded as an open carpel 
with two ovules on its upper surface. When it becomes old the 
carpels are hard and woody, and each bears two naked seeds 
{fig, 476). Each cone is then a single fruit. Examples are 
afforded by the Scotch Fir {fig, 665), the Larch, the Hemlock 
Spruce {fig, 276), and a great many other plants of the same 
Natural Order. The dehiscence is brought about by the carpel- 
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lary scales separating from the axis for a great part of their 
length, so that the seeds fall from between them. • 

0. The Galhnhis . — This fruit is but a modification of tlie 
Cone, differing in being more or less rounded in form instead 
of somewhat conical, and in having the heads of the scales 
much enlarged and peltate in form, with the seeds on their under 
surface. It is borne by the Cypress {fig. 567) and the Juniper 
{fig, 566). In the latter the scales become fleshy, and are 
united together into one mass, so that at first sight it somewhat 
resembles a berry ; but its nature is at once seen by examining the 
apex, when three radiating lines will be observed, corresponding 
to the three fleshy scales of which the fruit is formed, and which 
arc here but imperfectly united. 

Fig. 565. 

Fig. 66(). 


Fi{} 5C5 Colic or fruit of the Scotch Fir, fit) C. (JivlhnluR or friut of 

tlie Juniper -- Fig.hQl. (ruIhuluRor fruit of the 

Cypress (Cuprmvs sempei virem). Fig. 66S. Soeil of tlie Yew ( 7Vu7/'! 

bficcata), surrouudeil by a fleshy aril 

The so-called fruit of the Yew (Tajrtfs baccata) {fig. 508) is 
in reality not a fruit at all ; it consists of a naked seed surrounded, 
except at the apex, by a fleshy cup which is an aril. 

B. Spurious Fruits. 

1. The Etcerio,— There are several varieties of this fonn. 
In all of them the bulk of the fruit is composed of an enlarged 
receptacle or thalamus on which the carpels are seated. ^Ihe 
true fruits of BanuTi cuius ^ which ar(; achenes. are placed on a 
dry convex receptacle which is not much enlarged ; the 
receptacle of the Strawberry is enlarged, convex, succulent, and 
brightly coloured ; those of Potentilla and some other members 
of the order Bosacece are enlarged but not succulent. 

In the fruit of the Bose the achienia, instead of being placed 



Fig. 567. Fig. 568. 
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upon an elevated thalamns, as in the ordinary etferio, are situ- 
ated upon a concave thalamus, to which the calyx is attached 
{fig, 285, r, r). This modification of the ordinary ctnerio lias 
been considered by some botanists a separate fruit, and they 
have given it the name of CynarrUodon, A similar kind of fruit 
also occurs in CalycantJms, 

2, Tlw Pome is an inferior, indehiscent, two- or more celled, 
few-seeded, fleshy fruit, the carpels of which are surrounded by 
a fleshy mass, consisting of the succulent concave thalamus, 
in which they are embedded. The pome thus resembles the 
cynarrhodon, except that the carpels and the thalamus are fused 
together. The carpels themselves are fleshy or bo»'y. In ^he 


Fio. 569. 




Fig. 669. Btterlo of tlie Strawberry, oonsiatiiig of a swollen snecnlent 

receptacle on wliioh arc a number of aclieues. Fig. 670. Etwrio of the 

Raspberry. Fig, 671. Vortical section of the pome or fniitof the Apple 

(I^truK Mains). 

former case each has a differentiated endocarp which is carti- 
laginous in character; in the cavity of each carpel is a single 
seed. Examples may be seen in the Apple {fig. 571), Pear, 
Quince {fig. 299), Medlar, and Hawthorn. 

C. Anthocarpous or Aggregated Fruits. 

The fruits so far described are derived from single flowers. 
Those treated of under this section are the result of the fusion 
of several flowers together, whose carpels, floral envelopes, and 
bracts all become coherent into a single mass. The latter may 
be either woody or succ^ent. An anthocarpous fruit is thus 
the product of an inflorescence and not of a single flower. 

1. The Sorosis . — In the construction of this fruit we find a 
number of separate flowers become coherent with the axis 
from which they spring. The whole mass becomes in some 
cases succulent, in others woody. The first case is represented 
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by the Pineapple {fig, 574) ; each polygonal area marked upon 
its exterior represents a flower. The Mulberry (fig, 572) affbrcU' 
another instance, the succulent part being mainly the calyces of 
the constituent flowers. A comparison of the Mulberry may be 
made with the Baspberry (fig, 573). The former is a poly- 
thalamie or aggregated fruit, the latter a monothalamic one. 
The succulent portion of the Mulberry is derived from the 
calyces of a group of flowers, that of the Raspberry from the 
drupelets of a single one. The two fruits, though constituted 
on such different plans, yet present a certain superficial resem- 


Fig. 572. Fig. 674. 



Fiff. 572. Sorosis or fruit of the Mulberry (Moru^ nigra). Ftg. 57». Fruit 

O'fferio) of the Raspberry ( Tdanis). Fig. 574. Pineapple fruit 

(Sorosis), surmoanted by a crown of empty bracts. 

blance. The fruit of the Plane tree is constructed in a similar 
manner, but the very numerous flowers and their axis all become 
woody.' The resulting fruit is globular in form. 

2. The Syconus , — This is an anthocarpous fruit, formed of an 
enlarged and more or less succulent receptacle which bears a 
number of separate flowers. TTie Fig (Jig, 675) is an example 
of a syconus. In this the flowers are almost entirely enclosed 
by the enlarged hollow pear-shaped receptacle, and what arc 
commonly called seeds are in reality one-seeded fruits resem- 
bling achsenia. Dorstenia (fig, 576) supplies another example 
of the syconus, although it differs a good deal from that of the 
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Fi^^in its general appearance; the receptacle is less succulent, 
and only slightly concave except at its margins, so that the' 
separate fniits are here readily observed. 


The Seed. 

We have seen that the seed is a structure which is peculiar 
to the group of Phanerogams or flowering plants, and have 
discussed the causes which lead to its formation. There are 
several morphological features of importance connected with it 
which still remain for us to consider. As the seed is the body 
produced from the ovule in consequence of fertilisation, we see 
that its structure must be comparable with that of the latter. 

Fio. 675. Fig. 676. 



Fm 575. S>ooiiu8 of the Fig (Ftcns 
Canca), showing pear-slmiMJfl 
rofpptaolc l>oariiig ac*henea on its inner 

surface, Fty. 670. Sycouus of a 

spceietj of Domtema, 

Jt is, however, much more complex because it contains the 
whole of the gametophyte of the plant, together with the new 
sporophyte to which the latter gives origin. The latter is the 
body commonly called the embryo. We may have thus three 
distinct generations represented in the seed. 1. The megaspore 
and the remains of the cyiginal megasporangium, or the nucellus 
of the^ovule with its integuments. The latter are frequently the 
only part of the sporangium remaining, the nucellus itself having 
disappeared. 2. The gametophyte, consisting of amass of tissue 
of variable dimensions developed inside the spore or embryo-sac. 
In the Angiosperms another mass of tissue is formed after the 
fertilisation of the oosphere. This was till recently held to be 
part of the gametophyte, but its real morphological nature is now 
uncertain. This again is frequently very much reduced in dimen- 
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sions, or it may be altogether absent, having been partially or 
entirely absorbed by the embryo. 3. The new sporophyte, 
embryo, which may be small and embedded in the endosperm, or 
may 1^ large, filling the embryo-sac, having absorbed the gameto- 
ph^ and the endosperm during its development. If the 
nucellus also has been absorbed during the growth of the 
embryo-sao, the seed may present to view only the embryo 
enveloped in the modified original integuments of the mega- 
sporangium or ovule. 

The terms orthotropom^ campyhtropous, cmatropous^ &c., 

' are applied to seeds in the same sense as to o\niles. 

Structure of the Seed. — 1. The Integuments or Coats. — 
There are usually two seed- coats or integuments, known re- 
spectively as the testa and the tegmev. In 
some cases a third is found, not so closely 
attached as the others to the body of the 
seed. This is known as an arillus. It may 
spring from either the funicle or the hiliim. 

a. Testa^ Bpispermy or Outer Coat 
(fig, 577, te), — This integument is formed 
from the primine of the ovule ; that of some 
seeds, e,g, those of Acanthodiumy has 
in addition a coating of hair-like cells 
which are pressed closely to the surface of 
the seed by a layer of mucilage; if such 
seeds be moistened with water, the muci- 
lage which confines them becomes dis- 
solved and the hairs arc set free, and 
then branch out in every direction. 

Colour y Texturey and Surface of the 
Testa, — In colour the testa is generally 
brown, but it frequently assumes other' 
colours ; it may be uniform in tint, or 
variously mottled. 

The testa also varies in texture, being soft or fleshy 
and succulent, or more or less spongy, or membranous or 
coriaceous, or it may become woody and hard. 

Its surface is generally smootl^ but is often furnished with 
different appendages, many of which are characteristic. It may 
be wrinkled (Nigella)^ striated (Nicotiana)y marked with ridges 
and furrows (Delphiniumy fig, 679), netted (Ncusiurtiumy 
fig, 578), alveolate or pitted (Fapaver)y tuberculated (Stellaria 
media y fig, 680), or spiny (Morns), The testa of some seeds 


Fig. 577. 



/V/ 7 . 677. The seed of a 
Pea wltli its intetru- 
meutg removed on one 
side. pi. Placenta. /, 
Funiculns. rap. Raphe. 
ch. Chalaza. m. Mlcro- 
pyle. te. Testa or epi- 
spenn, e. Endopleura 
or tegmeii. The part 
within the endopleura 
is commonly called the 
nucleus of the 8eo<l, 
and is formed of coty- 
ledons, c ; gemmule or 
plumule, 0 ; radicle, r ; 
and stalk or tigellum, 
f, between the plumule 
and radicle. 
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bears nniiierons hairs; those of the various species of Goh- 
sypiiNH cover the entire surface, where they constitute the 
material of so much value called Cotton ; those of the Willow, 
Asclepias (fig, 582), and Epilohium (fig. 587), are confined to 
certain points of the surface. In the latter oases the tufts of 
hairs, thus confined to certain points of the testa, constitute 
what is called a corna^ and the seed is said to be comose. 

Other seeds, particularly those of the Sandwort (fig, 581), and 
of Catalpa^ Bignonia^ Sivieienia^ Moringa, &c., have winged 
appendages of various kinds. These winged seeds must bo 
carefully distinguished from samaroid fraits, such as the Ash, 
Elm, and Maple (fig. 541), where the wing is an expansion of the 
pericarp and not of the testa. Hairy seeds should not be 
coiifnunded with pappose fruits, such as those of the Coinpositce, 


Fid. 578. Fid. 579. Fig. 680. 



/•'ir/.STS. Rouuded seed of the Wat^'rercjas {Nasturtmm officinale). Tlic testa 
IS rotloulatod or netted. — Fin. 670. Obovold seal of the Larkspur 

(Jjelphimum), the testa of wliich is marked with ridges and furrows. 

Fiff. 680. Secfl of Chiokwoed {StcUarid), tl>e testa of which is tuberculated. 


Dipaacecd (fig. 294), and Valeriamaccce (fig. 293), where the 
hairy .processes belong to the calyx. 

Beneath the testa, in anatropous seeds (figs. 588, R, and 
577, rap), and the modification of those termed amphitropous, 
we find the raplie or vascular cord connecting the hilum 
with the chalaza. Its situation is frequently indicated by a 
projecting ridge on the surface of the seed, as in that of the 
Orange, while at other times it lies in a furrow formed in the 
subatvice of the testa, so that the surface of the seed is smooth, 
and no external evidence is afforded of its position. 

The testa is also U8uall;y* marked externally by a scar indi- 
cating the hilum, or point by which it was attached to the funi- 
culus or pbicenta. The micropyle of the Pea, as already 
noticed, may be sometimes seen on the surface of the testa 
(fig. 577, m) ; in those oases where no micropyle can be de- 
tected externally, its position can only be ascertained by dissec- 
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tion, when it will be indicated by the termination of the radicle, 
this being directed towards it. In some seeds, as those cof 
Asparagufi^ the situation of the micropyle is marked by a siiiall 
hardened point, which separates like a little lid at the period of 
germination : this hsis been termed the emhryotegia. 

On removing the testa the raphe can frequently be seen 
ramifying over the inner coat, and terminating at the chalaza 
{figs, 583, ch^ and 577, cli). The structure and general appear- 
ances of these different parts have been already described. 

b. Tegm-efiy Endopl^euray or Internal Coat (fig, 677, e ). — 
The inner membrane or coat of the seed is sometimes 
apparently wanting, probably from its complete adherence to 
the testa. 

Fig. 583. 



Fiff. 681. Marglnatc or bordered pced of Sandwort {ArenaH<0. — •-Fifj. 682. 
Ooraose oval seed of Asrlfpw^. — Fiff. 683. Young nnatroi>ous seed of the 
White Water-lily {Npinphcpa alba) cut vertically, v. Funiculus, a, a. 
Gelatinous aril. t. Integuments of the seed. N. Nuccllns. Ji. Raphe. 
ch. Cliala7.a. m. Micropyle. h. Embryo-sac. fe. Rudimentary embryo. 


^Vhen clearly distinguishable it is generally of a soft and 
delicate nature, of a whitish colour, and more or less trans- 
parent. It is closely applied to the kernel of the seed, which 
it accompanies in all its foldings and windings; in some 
cases it even dips down into the latter, end thus divides it more 
or less completely into a number of parts. Examples are 
afforded by the Nutmeg and Betel-nut (jig, 689, j?). 

Arilhis, — A third covering, lop.own as the arillns or aril, 
is occasionally developed. It is always found more loosely 
arranged than the true integuments, and generally extends only 
partif^y over them {fig, 588 a, a) ; that of the Yew forms an open 
cup. It grows from the base of the ovule, arising subse- 
quently to the accomplishment of the process of fertilisation. 
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It is not infrequent to tind outgrowths from various parts of 
tlje testa which may be confused with the aril. Such an out- 
growth, arising from the region of the mioropyle and spreading 
backwards to some distance over the testa, sometimes indeed 
covering the seed, has been called a false aril or arillode. 
An instance of it is afforded by the Spindle-tree (fig. 684). 
The Nutmeg has a similar outgrowth which is generally de- 
scribed as an aril ; it originates, however, from both the hilum 
and the micropyle. It forms a scarlet covering to the seed, and 
is known in commerce under the name of macc. 

Protuberances of an irregular character are often developed 
from other parts of the testa. They are known as Caritnculzs 
or Strophioles, They are always developed, like the arillus 
and arillode, subsequently to fertilisatioh, and are accordingly 

Fig. 584. 

1 2 3 

t) 

hSif Progressive' tkvclopment of tl»c arilloile in the pochI of the Spindle- 
Hnonymm). Arillode. / Paiiiculus. 1 represents th • youngest 
seed ; 2 aiid 3, the progi’essivc dovelopincnt of the Hrillodo ; 4, the oldest 
and fully developed seed. 

not found on the ovule. The Milkwort (fig. 585) bears such 
outgrowths at the base or hilum of the seed ; the Asarabacca 
(fig. 586) and Violet have them on the side, in a line with the 
raphe; while those of the Spurge are placed at the micro- 
pyle. Some writers consider these carunculcs as forms of the 
aril, of which they then distinguish four varieties, namely : — 
1. The true arillus (Nympheea, fig. 683, A, a) ; 2. The 
arillode or micropylar^ arillus (Euonymus^ fig. 684) ; B, The 
rapliian aHllus (Asaruni^ fig. 586) ; and 4. The chalazal 
arillus (Epilohiurn, fig. 687, where the tuft of hairs at one 
end of the seed is regardec^ as an aril). Other v/riters again 
partially adopt these views, and define the canmcules as little 
protuberances growing from the raphe, and therefore originating 
independently of the funiculus or micropyle. According to this 
view' the caruncule of the MilkwoH would be regarded as a true 
aril, and that of the Spurge as an arillode, w^hile the appendages 
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of Asarabacca and Violet would be true carunculos. Other 
botanists again, instead of using the two tenns strophioles afid 
caruncules as synonymous with each other, apply the former 
term only to the outgrowths proceeding from the hilum, and the 
latter to those coming from the micropyle. 

2. The Kernel. — We have seen that the substance of 
the seed is morphologically very complex in its nature. We 
may or may not have the substance of the nuccUus or part 
of it remaining. Generally this is all absorbed during the 
growth of the megaspore. In the seed, when present, it has 
received the name of the perispertti. We have next the embryo- 


Fig. 585. 


Fig. 587. 



Fig.h^ft. Ovoiil seeil of Milkwort with a cariinciilc at its base 

or inluui. Ftg, Scvdof Astiruhacca witli a earnncuU' on 

the side, whi<‘li is callud by some araphian nrillus. i'lg. 587. Bootion of 

tiie comose seed of Kpilobium. The tuft of hairy processes is Boiuetimes 
called a chalaxal arillus. 


sac or megasporc. In this there may be a solid mass of 
tissue, known as the endosperm, which in the Gymnosperms is 
the gametophyte. In the Angiosperms it is a mass of tissue 
developed after the fertilisation of the oosphere. Embedded 
in the endosponn is the body produced by the develop- 
ment of the fertilised oosphere, which is csdled the cmhinjo. 
In other cases the embryo, by absorbing the nourishment con- 
tained in the endosperm, obliterates the latter and comes to 
occupy the whole interior of the embryo-sac. Then the kernel 
of the seed consists of the embryo or young sporophyte, which 
in rare cases is surrounded by a layer of perisperm, but is 
generally only covered by the integuments. 

To the tissue which thus sometimes remains and forms a 
solid mass round the embryo, the name of albumen has been 
commonly applied; but it is preferably designated as the per? - 
sperm or endo82)erm, according to its origin as described above. 
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Both endosperm and perinperm may be seen in the seeds of 
l!^mphcea {figs. 583 and 588). 

From the above considerations it will be evident that the 
kernel of the seed may consist either of the embryo alone, as in 
the Bean and Pea {fig. 577) ; or of the embryo enclosed in endo- 
sperm, as in the seeds of the Poppy {fig. 601), Pansy {fig. GOO, 
al)^ Oat {fig. 591), or in both endosperm and perisperm, as in 
those of Nymphcea {fig. 588). We have therefore two con- 
stituents of the kernel : namely, the embryo and the albumen, 
the latter being composed of endosperm or perisperm, or both. 

a. AlbumeUy E7idosperm, Perisjierm . — Those seeds which 
have the embryo surrounded by albumen, that is, by either endo- 
sperm or perisperm, or both, are said to be 
albuminous ; while those from which it is 
absent are exalhuminous. The amount of 
albumen will in all cases, as described above, 
be necessarily in inverse proportion to the 
size of the embryo. 

The cells of the albumen contain various 
substances, such as starch, albuminoids, oily 
matter, &c., and thus act as reservoirs of 
nutriment for the use of the embryo during 
the pr.ocess of germination. The varying con- 
tents of the cells, together with certain differ- 
ences in the consistence of their walls; cause 
the albumen to assume different appearances 
when the seed is ripe, and thus frequently to 
afford good characteristic marks of different 
seeds. The albumen is described as mealy ^ 
or fannaceouSf wLen its cells are tilled with 
starch- granules, as in the Oat and other Cereal grains ; it is said 
to be fleshy^ as in the seeds of the Barberry and Pansy, when its 
walls are soft and thick ; when its cells contain oil globules, as 
in those of the Poppy and Cocoa-nut, it is oily ; when the cells 
are soft, and their walls chiefly formed of mucilage, as in those 
of the Mallow, it is mucilaginous ; and when the cell-walls 
become very thick and hard, as in the seeds of the Vegetable 
Ivory Palm and the Coffee plant, the albumen is described as 
horny. 

Generally speaking, the albumen presents a uniform appear- 
ance throughout, as in the seeds of the Vegetable Ivory Palm ; 
but at other times it is more or less separated into distinct com- 
partments by the folding inwards of the tegmen, as already 


Fio. 588. 



Ftg. 688. Vertical 
section of the beed 
of the Wliite Wa- 
ter-lily, showing 
the embryo cn- 
cioscil in the re- 
mains of the em- 
bryo-sac, and on 
the outside of this 
the j)eri8f)orm sur- 
rouudcMl by the 
iiitegumcuts. 
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described. In the latter case the albumen is said to be 
ruminated^ as in the seeds of the Betel-nut i fig, 589, p). 

b. The Embryo is the rudimentary plant; it is developed 
from the fertilised oospherc in the embryo-sac. The embryo 
being the rudimentary sporophyte, it is necessarily the most 
important part of the seed, and it contains within itself, in 
an undeveloped state, iill the members of which the plant is 
ultimately composed. We can distinguish in it three parts : 
namely, a radicle, a plumule, and one or more cotyledons. These 
parts may be readily recognised in many seeds ; in the embryo 
of the Lime {fig, 590), the lower portion, r, is the radicle, from 
which the root is developed; the two expanded lobed bodies 
above, c, «, are the cotyledons, and between these the plumule 
is placed. In the Pea (fig, 10), the twn fleshy lobes, c, c, are 
the cotyledons, between which there is situated a little axis, 
t (tigellum), the upper part or bud-like portion of which is the 
plumule, n, and the lower part, r, the radicle. 

The great group of the Angiospermous fiowermg plants is 
subdivided into tw'o smaller ones ; in the first of these, known 
as the Dicotyledons, the embryo has two cotyledons ; in the 
other, called the Monocotyledons, it has typically only one 
(figs. 591 and 593, c). In some exceptional cases, however, the 
embryo of a plant classed among the Monocotyledons has more 
than one cotyledon ; the second cotyledon then alternates with 
the first instead of being opposite to it, as is invariably the case 
with the two cotyledons of dicotyledonous plants. The phyllo- 
taxis of the Monocotyledons, as exhibited in the embryo, is thus 
always alternate, while that of the Dicotyledons is opposite, in 
the Gjuunospenns there arc often several cotyledons, so that the 
embryo is described as poly cot yledonous. 

(a) The Monocot yledonous Embryo. — The parts of the mono- 
cotyledonous embryo are in general by no means so apparent 
as those of the dicotyledonous. The embryo usually appears to 
be a solid undivided body of a cylindrical or somewhat club- 
shaped form, as in the seed of Triglochin (fig, 593), having a 
little chink, /, on one side near the base? If a vertical section 
be made parallel to this slit, a small conical projection,^ the 
plumule, will be noticed; by making a horizontal section, the 
cotyledon can be seen to be folded round the plumule, which 
is thus almost entirely removed from view. There is noticeable 
a little slit corresponding to the union of the margins of 
the cotyledon; this slit becomes an external indication of the 
presence of the plumule. The position of the cotyledon thus 
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rolled round the plumule is similar to that of the sheaths 
the loaves in most monocotyledonous plantSi which, in a 
similar manner, enclose the young growing parts of the stem. 

In other monoootyledonous embryos the different parts are 
more easily seen. The cotyledon of many Grasses, as, for 
instance, the Oat {fig, 591), only partially encloses the plumule, 
2h and radicle, r ; and these parts may therefore be readily 
observed in a hollow space on its surface. 


Fig. 689. Fig. 591. Fig. 592. Fig. 593. 



l^g. 689. Vertical Hectlon of tlin fruit of tbcBetcl-imt Paliu {Ai'eca Cat€chu\ 
c. Remains of perianth. /. Pericarp, p. Ruminatc<l albumen of the 8ec<l. 

e. Embryo. Fig. 69o. Embryo of the Lime-tree (^Tilia europ(t‘a). c, c. 

Cetyleddna, each with five lobes airaiiBCil in a palmate manner, t*. 

Fig. 691, Section of the fruit of the Out. p. Plumule, r. Radicle. 

. 1 . ScutcUum. Ftff. 602. Germinating cmbiyo of the Oat. r. Rootlets 

coming through sheaths, CO. r C/otyle<lon. g. Young stem. Fig. 69ti, 

YAwbryo oi TriglocMn. r. Radicle. /. Slit corrcspoiiding to the plumule, 
c. Cotyledon. 

A peculiar development of part of the cotyledon, called the 
Hcutellum {fig, 591, «), separates the embryo from the endosperm 
in t*he seed of the Grasses. 

The inferior extremity ^of the radicle is usually rounded {fiig* 
593, r), and it is through this point that the rootlets, r, burst 
in germination {fig, 592). The radicle is usually much shorter 
than the cotyledon, and generally thicker and more sturdy ; but 
in some embryos it is as long as the latter, or even longer, in 
which case the embryo is called macropodous. 
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(b) The Dicotyledonous Embryo . — These embryos vary 
generally in form: those of the Bean and Almond {fig. 594^ 
are more or less ovoid ; the embryo consists of two nearly 
equal cotyledons, c, between which lies a small axis or tigellum, 
the upper part of which, is the plumule, and the lower, r, 
the radicle. The lower part of the tigcllum upon germination 
appears as a little stalk, supporting the cotyledons ; it is termed 
the hypocotyledonary axis, or hypocotyl. The lower part of 
the plmnule forms the cpicotyl. 

In the great majority of cases the two cotyledons are of nearly 
equal size, as in the Pea (fig. 16, c, c), but in the embryos of Trapa, 
some Hirccas, &c. {fig. 595, c', c), they are very unequal. Again, 


Fig. 694. Fig. 697. 



Ftf7. 594. Tlio ouibryo of tlio Alinoud { Primus Aviygdalm\ from wliicli 
one of the cotyledons has been removed, c. 'J’he cotyledon wbicli has 
been left, r. Radicle, g. Plumule, t, TigelJum. r’. Bear loft by tlic 

removal of the other cotyledon. Fig. 695. Vertical section of tlie 

embryo of a species of Hir'uua. c'. Large cotyledon, c. Small cotyledon. 

g. Plumule, r. Radicle. Fig. 599. Vertical section of tlie embryo of 

Carapa guiarimsis. showing the almost complete union of the e^otylcdoiiB, 

the line, c, only dividing them. r. Radicle. (/.Plumule. Ftg.597. The 

embryo of Pekea butyrosa. t. Large tigellum. c. Rudimentary cotyledons. 


while the cotyledons usually form the greater part of the embryo 
(jig. 16, c, c), in other instances, as in the seeds of Pekea butyrosa 
{fig. 597, c), they form but a small portion. In those of Carapa 
(fig. 696), again, the two cotyledons become united more or less 
completely into one body, so that the embryo appears to be mono- 
cotyledonous ; but its nature is readily ascertained by the different 
position of the plumule in the two cases ; in the true monocotyle- 
donous embryo the plumule is situated Jaterally (fig. 691, p) ; but 
here (fig. 696, g) it is between the cotyledons. The embryos of some 
parasitic plants, e.g. Cuscuta, have no cotyledons. 

When no albumen is present in the seed the cotyledons are 
usually thick and fleshy, as those of the Bean and Almond (fig. 594) ; 
in albuminous seeds they are thin and folioceous, as those of the 
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Lime (fig. 690, c, c). Foliaceous cotyledons are frequently provided 
»with veins, and stomata may be also sometimes observed in their 
epidermis; but these structures are rarely to be found in fleshy 


serve a similar 
Fig. 598. 


purpose to 
Fig. 699. 


the 


cotyledons. Fleshy cotyledons 
albumen, by acting as reservoirs 
of nutritious matters for the 
use of the young plant during 
germination ; hence, when the 
albumen is absent, the cotyle- 
dons are generally proportion- 
ately increased in size. 

The cotyledons of dicotyle- 
donous plants are commonly 
sessile, and their margins are 
usually entire, but exceptions 
occur to both these characters ; 
those of Geraninm mollc (fig. 

599, are petiolate; those of 
the Lime (fig. 690, c, c), and 
those of the Geranium ( fig. 599, 
c) are lobed. Their positions relatively to each other also vary. 
Generally, they are placed parallel, or face to face, as in the Almond 
(fig. 594), Pea (fig. 16), and Bean; but they frequently depart widely 
from such a relation, and assume other positions. Each of the 
cotyledons may be either reclinatc, amdiiplicate^ convolute^ or cir- 
cinatc. These are the commoner conditions, and in such instances 



Fig. 69ft. Tlie so-oallcd 
polyootyledonoiia em- 
bryo p.. a ^peckiJ of 
IHrius bcpinninp to 
germinate, c. Ootyle- 
dous. r. Ikwlicle. t. 

Tlgellum. Fig. 699. 

The embryo of 
nium molle. c. Ooiy- 
lodoiiR, eaoli of which 
is somewhat lobod, 
ui)(l furnished with u 
petiole, p. r. lladicle. 


Fig. goo. Fig. 601. Fig. 602. 



Fig. 600. Vertical section of the seed of the Pansy or Heartsease, h. Hiliim. 
pi. Embryo with its radicle, r, and cotyledons, co. ch, Cliala7.a. cU. 

Albumen, ra. Kaidie. The embryo is erect or homotropou a 601. 

Vertical section of* the seed of the Poppy, with the ^bryo slightly 

, curved in the axis of albumen. Ftg. 602. Vertical section of the seed of 

Bunias, showing its spiral embryo. 

both cotyledons are either folded or rolled in the same direction, so 
that they appear to form but one body ; or in rare cases they are 
folded in opposite directions, and become equitant or obvolute ; 
sometimes other still more complicated arrangements occur. 

The position of the radicle in relation to the cotyledons is also 
liable to much variation. The radicle may follow the same duection 
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as the cotyledons, or a different one. In the former case, if the 
embryo is straight, the radicle is more or less continuous in a straight; 
line with the cotyledons, as in the seeds of the Pansy (jig. 600, r) ; 
if, on the contrary, the embryo is curved, the radicle is curved also 
(flg^ 601) ; the curvature of the radicle of Buniaa (jig. 602) is so 
great that a spiral is formed. Where the direction of the cotyledons 
and radicle is different, the latter may form an acute, obtuse, or right 
angle to them ; or be folded back so as to lie parallel to the cotyledons, 
in which case the radicle may be either applied to their margins, as 
in the seed of the Wallflower (jig. 604, r), when the cotyledons are 
said to be decumbent ; or against the back of one of them, as in that 

of Isatis (jig. 603, r), when they are 
termed incumbent. 

Relation of the Embryo to the 
otJier Parts of the Seed^ and to the 
Fruit. — It must necessarily happen 
that when albumen is present, the 
size of the embryo is in inverse 
proportion to it ; in the seeds of 
Grasses (jig. 591) we have a large 
deposit of albumen and but a small 
embryo, while in those of the Nettle 
(fig. 605) the embryo is large and 
the albumen very small. The em- 
bryo may be cither external to the 
albumen (figs. 591 and 608), and 
thus in contact‘with the integuments, 
as in the seeds of Grasses, in which 
case it is described as external’, 
or it may be surrounded by the 
albumen, except on its radicular 
extremity, as in the Pansy ( 600), when it is internal. 

The embryo is axial when it has the same direction as the axis 
of the seed, as in those of the Pansy (fig. 600, pi) ; when this con- 
dition is not found, it is abaxile or eccentric, as in those of Bumex 
(fig. 606, pi). In the latter case, the embryo is frequently altogether 
on the outside of the albumen, and directly below the integuments, 
as in the seeds of Mirabilis Jalapa (jig. 'ijOl, e) and Lychnis 
(fig. 608, emb), when it is described as peripherical. 

We have already observed that in a straight embryo the radicle as 
a rule is turned towards the mioropyle (j^. 606, r), and the cotyle- 
donary extremity is then directed to the chalaza, ch. Some apparent 
exceptions to these relative positions occur among the Euphorbiacece 
and a few other plants ; but such are merely accidental deviations 
arising from certain irregularities in the course of the development 
of the parts of the seed. 


Tig. 603. Fig. 604. 



Fio. 603. Inoumlxuit embryo of 
the Woarl (Isatu \iinciori(i). 

1. Undivided. 2. llorlzontal 

section, c. Cotyledons, r. Ra- 
dicle. Fig. 604. Aocumhent 

embryo of the Wallflower (C%rtr- 
anthus Cheiri). 1. Undivided. 

2. Hori7.onta] section, r. Radicle. 
c. Cotyledons. 
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While the relation of the radicle and cotyledonary portion is thus 
♦een to be generally constant, it necessarily happens, from the vary-* 
ing relation which the hilum bears to the micropyle and chalaza, 
that its relation to the radicle and cotyledonary portion of the embryo 
must also vary. In orthotropous seeds, as those of Btmtex {fig, 606), 
the chalaza and hilum coincide with each other ; the radicle is turned 
towards the apex of the seed, and the cotyledonary portion to the 
chalaza and hilum ; in this case the embryo is said to be antitropous 
or inverted {figs. 476 and 606). In anatropous seeds, as those of the 
Pansy {fig. 600), where the micropyle is contiguous to the hilum, h, 


Fig. 606. 



Ftg. G06. Vertical section of tlie fruit of the Nettle, containing a single 
seed. ^ Integuments of the seed. pi. Placenta, r. Radiole. At. Stigma. 

Fig. 606. Vertical section of the fruit and solitary erect orthotropous 
80 ^ of the Dock or. Pericarp. t»<c. Micropyle. j?/. Embryo 

which is inverted or antitroi)on8, and turned towards one side of tlje albu- 
men, eh. Chalaza. r. Ilodiole. Fig. 607. Vertical section of the 

cM^of Mit'ahilis JcUajta^ containing one seed. a. Pericarp, s. Style. 
e. Peripherical embryo with Its radicle, r, and cotyledons, r. p. Albu- 
men. t. Integuments of the seed. Fig. 608. Vertical section of the seed 

of Lychnis dUHca. te. Integuments, emh. Embryo on the outside of the 
albumen, alb. The embryo is amphitropous and peripherical. 

and the chalaza, ch, at the opposite extremity, {he radicle, r, points 
towards the hilum or base of the seed, and the embryo is said to be 
erect or homotropous. In a campylotropous seed, where the chalaza 
and micropyle are both near to the hilum, as in those of Lychnis 
{ftg. 608), the two extremities of the embryo, which in such cases is 
generally peripherical, become also approximated, and it is said to be 
amphitropoiis. When we i^sh to know the direction of the embryo 
it is at once determined by ascertaining the position of the hilum, 
chalaza, and micropyle. 

We have now, lastly, to explain the different terms which are in 
use to express the relations which the embryo bears to the cavity or 
cell in which it is placed. The radicle is said to be superior or 
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ascending, as in the seeds of the Nettle {fig. 605, r) and Eumex 
(fig. 606, r), when it is directed towards the apex of the ceil or peri-,; 
carp ; inferior or descending when it points to the base ; centripetal 
if turned inwards towards the axis or centre ; and centrifugal when 
it is turned towards the sides. These relations of the embryo to 
the other parts of the seed, and to the cavity or cell in which it is 
placed, are sometimes of much practical importance. 

(c) Tlie Pol/ycotyledonoua Embryo . — In the seeds of the 
Gymnosperms, as already mentioned, there are often several 
cotyledons, and this may occur either as an irregular character, 
or as a regular condition, as in those of many members of the 
Conifer CB (jig. 698, c), where we frequently find six, nine, or even 
fifteen ; hence such embryos have been iormod poly cotyledonous. 
In all cases where the number of cotyledons is more than two, 
they are arranged in a whorl (fig. 698, c). Taxus^ the Yew-tree, 
has only two cotyledons. 



BOOK II 

ANATOMY OF PLANTS 

CHAPTER I 

THE VEGETABLE CELL 

If we study the life-history of the simplest or the most complex 
plant with which we can become acquainted, we find that at 
some time or other in its existence it is found in the form of a 
minute portion of jelly-like substance, in some cases motile, in 
others incapable of locomotion. The zoospores and zoogonidia 
of the Algte exhibit this 
structure. The gametes 
which are developed up- 
on the filamentous Sea- 
weeds are also such little 
naked masses. In the 
lowest plants, such as 
Ulothrix (fig, 609), these 
are ovoid bodies, furnished 
with long narrow appen- 
dages, by means of which 
they swim actively about 
in water. The jelly-like 
substance of which ‘they 
ar^ composed is capable 
of carrying on all the processes of their life, and is, in fact, 
the living substance; it^is called protoplasm. Many of the 
small reproductive bodies already described differ from these 
free -swimming organisms in having the protoplasm clothed 
by a thin, almost structureless membrane, which the living 
substance forms round itself. We have in these two parts, one 


Fio. 609. 



Fig. 609. Part of a filaineiit of Ulothrix from 
which the gametes, y, are escaping, g^. Free 
gamete, Gametes conjugating. 
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living, the other non-living. All such structures are known as 
cells, , 

When one of these cells has existed for a time, it becomes 
septated into two by the formation of a partition- wall of the 
same substance as the membrane which clothes it, the septum 
being formed by the protoplasm just as is the original mem- 
brane. Usually the two cells arising from such septation 
remain connected with each other ; each in turn gives rise 
to another in the same way, and by the continuation of this 


Fig. 610. 



process we get a mass made up 
of a number of colls. These 
structural units are not, how- 
ever, completely distinct, for the 
protoplasm of each is in con- 
nection with that of its neigh- 
bour by delicate filaments which 
penetrate the septa, or cell- 
walls, so that the living sub- 
stance of such a mass is organ- 
ically continuous throughout, 
being supported by the mem- 
branes which it has formed, 
which constitute indeed a kind 
of skeleton. 

A section through such a 
mass shows the appearance of 


Fig. CIO. Semi-diBgraiumatic longitudinal 
geetion of an old and stout portion of 
Ceramium rnhrum^ showing continuity 
between the protoplasmic contents of 
the axial or central cells, a, a, at their 
ends; and laterally with the cortical 
cells, 6, by protoplasmic threads, and 
also that of the cortical cells inter ne by 
thremls radiating from the central mass 
in each cell. After T. Hick. 


a number of chambers, each 
occupied by a portion of the 
living substance. It needs a 
very high magni 6 cation to dis- 
tinguish the connecting threads 
or strands, which are of extreme 
tenuity (fif/s. 610 and 611). In 


general, we may say then that a plant is built up of an aggre- 
gation of such cells. 

Some plants do not always form the dividing septa, so that 
in them we have many pieces of protoplasm, or inotoplasts^ 
connected closely with one another, and having only a common 
membrane or cell-wall surrounding the whole. Such a plant- 
body is called a coenocyte. Others form relatively few septa, so 
that each division of the plant-body contains many protoplasts. 


Usually each protoplast occupies a separate chamber. In the 
higher forms subsequent changes in the character of the septa 
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give rise to very different appearances in the cells, the latter 
showing groat diflerences in size and degree of development. In 
all cases, however, they arise in the manner described, by the 
activity of the protoplasm. 

We can thus see that the living substance is the essential 
part of the cell, and all other structures found in connection 
with it are only subordinate to the requirements of the proto- 
plasm. 

In the simplest forms, each protoplast discharges all the vital 
processes of the plant. As, however, complexity of the plant- 
body increases, there may be observed a division of labour, par- 
ticular protoplasts taking up one, others another, duty. Some aie 
particularly concerned in nutrition, others in reproduction, and 


Fig. 611 . 



Ftu. Gll. Coiithiuity of the protoplasm of contiguous cells of the endosperm 
of a Talm seed ( Itentinckia). a. Contracted protoplasm of a cell. &. A 
group of delicate jmitoplasmic flbrilH luissing through a pit in the cell-wall, 
(lligldy magnified, after Cardiner.) 

SO on. This division of labour is the clue to the differences of 
structure and appearance which we find in different parts of the 
plant-mass, cells being modified in relation to the work which 
ultimately falls to their share. Thus all differentiation of struc- 
ture is to be traced to division of labour. 

In the older parts \)f plank we find the cells consisting of 
the wall alone, the protoplasm having disappeared. Such cells 
are, of course, not living. 

It is most convenient to*study first the vegetable cell as it 
exists in a portion of the higher plants, such as the younger part 
of a stem or root. If we cut a section of such a structure we find 
the cells all alike and all presenting the following features : 1. 
The limiting membrane or cell- wall. 2. The contents, consisting 
VOL. I. T 
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of the protoplasm and 
rounded by it 

Fig. 612. 



i'i<7. 612. CkiUs from the root 
of FrUillana imjm'utlU. 
h. Cell-wall. k\ Nucleufl, 
k. Nucleus with nucleoli. 
p. rrimortlial utricle. p\p'. 
Protoplasmic tlireads. «, x. 
Cell-sap cavity. s'. 

Vacuoles. After Saolia. 


various bodies embedded in it or sur- 
612-614). The protoplasm, being tlje 
essential part, may be examined first. 

The Protoplasm. — In the young 
state of the cell the protoplasm fills 
it, and appears as a nearly transparent 
jelly-like material, somewhat granular 
in character, and saturated with water. 
This condition is only transitory. V ery 
soon, in consequence of continual ab- 
sorption of water, the cell, kept turgid 
and stretched by the internal pressure, 
increases in size ; the water accumu- 
lates in drops, which gradually become 
larger, so that cavities appear in the 
substance of the protoplasm, which 
soon fuse together, forming one or 
more vacuoles filled with a fluid called 
the cell-sap. In such cells the proto- 
plasm often forms only a lining to the 
cell- wall, the centre of the cell being 
occupied by a single large vacuole 
{fi(f, 612). The protoplasm thus lining 
the cell was fonnerlj^ called the pri- 


mordial utricle. 

In the substance of the protoplasm, whether filling the cell 
or not, there exists somewhere a specially differentiated portion 
called the nucleus (fig, 612, ^), and frequently other less 



Fig. 613. VeKet4iblc cells, a. Very young. B. A little older, sliowiug eom- 
meucing formation of vacuole. /#. Protoplasm, «. Nucleus, r. A vacuole. 


differentiated portions, distinct from the main portion of the 
protoplasm, known as plastids. The bulk of the protoplasm, to 
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distinguish it from these specialised portions, is generally called 
ll^ cytophmn. It is not of the same consistency throughout, a 
generally firmer portion lying next to the ceU-wall being known 
as the ectoplasm > A similar firm layer may frequently be 
detected round the vacuole. The exact chemical composition of 
protoplasm cannot be ascertained, as analysis involves its death, 
and this is attended by changes in its substance. It contains 
carbon, hydrogen, oxygen, nitrogen, and probably sulphur and 
phosphoms. Enclosed in it are always varying quantities of 

Fig. G14. Fig. 015. 




Fto- 614. Culls frojii leaf of the arrows w1i<»w the ilirection of the rota- 

tion of the protoplasm. «. Nucletw. p. Protophism or primordial utricle, 
in wlduli are embedded miinerous chloroj dusts. ( x 300.)— —/’#{?. 616. 
^^vo cells from a stamniul hair of Tmtletcnutui Tlie arrows Indicate* the 
rllivotion of the cironlation of the protoplasm. «. Nucleus, (x 300.) 


organic substances, such as proteids, fats, carbohydrates, and 
small portions of various inorganic salts. These various con- 
stituents are connected with the nutritive processes of the cell, 
or its metabolism, and hence differ greatly in nature and 
amount from time to time. ^ 

In the case of the free-swimming protoplasts with which we 
began the study of protoplasm, we see that they are in active 
movement. As the protoplasm becomes enclosed in cell-walls 
this motility is, of course, less and less obvious. Indeed, in 
most colls it can hardly be distinguished. There is reason to 
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suppose, however, that protoplasm, wherever existing, is in 
constant motion. In many of the constituent cells of even 
higher plants this motility can be observed. In certain of the cells 
forming the leaves of many water-plants, e.g. Valluneria^Nitella^ 
Elodea {fig, 614), and others, a streaming movement of the 
granules the protoplasm contains can be detected with ease. 
In other plants of terrestrial habit, such as Tradescantia and 
Chelidonimn^ a streaming of the protoplasm is observable (fig, 
61.5). Such movements are spoken of as rotation when the 
stream flows uniformly round the wall of the cell, or as circulation 
when the path has a more complicated course. 

Somewhere in the cell there is always to be be found a 
specially differentiated portion of the protoplasm known as the 
nacleiiH {figs. 614 and 616, n). It may lie in the centre, when it is 
attached to the sides by bands or threads of protoplasm ; or it may 
lie embedded in the layer which lines the cell. This body has a 
more definite structure than the rest of the cytoplasm ; it is 
bounded at the surface by a delicate membrane, which is thought, 
however, to bo a denser layer of the protoplasm of the cell rather 
than to belong to the nucleus itself. The latter consists of two 
substances which differ from each other m their power of stain- 
ing with different reagents. The bulk of it is composed of a 
semi-fluid material known as nucleoplasm.^ in which is embedded 
a network of fibrils. The latter are composed of a hyaline 
substance in which lie close to each other a number of granules 
or discs which stain deeply with many colouring matters. The 
fibrils contain the granules in such large proportion that except 
with very high magnification the latter cannot be distinguished, 
and consequently the whole fibril appears stained. These fibrils 
are generally said to be composed of chromatin., the name having 
reference to nothing more than this reaction to stains. 

One or more small deeply staining bodies, termed nucleoli^ 
are found in each nucleus, sometimes being very prominent, and 
at other times hardly distinguishable from the nodes of the fibrillar 
network. 

Chemically the nucleus much resembles the rest of the proto- 
plasm, but, in addition to the substances found to be present in 
the latter, the nucleus contains body known as nuclein, of 
which phosphorus is a constituent. 

Associated with the nucleus there have been observed in 
certain cases two very small bodies lying usually side by side at 
some point of its margin. These are called the centrospJwres, 
Each is spherical and hyaline, with a distinct outline, and con- 
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tains in its interior a central smaller body. Tliis is known as 
tl»B centrosome. 

In rare cases a true cell may contain several nuclei. This 
occurs in conseqiience of direct division or fragmentation of 
the original nucleus. It is seen only in old cells. 

Besides these typical ednstituents the protoplasm of many 
cells contains other differentiated structures, known as plastids. 
These are special bodies which are charged with some definite^ 
function, and point to an early division of labour in the cell. 
They are of a somewhat similar structure to the nucleus, being 
formed of a fibrillar network supported by a ground substance. 
Some of them arc colourless, others impregnated with different 
colours. The first are called leucojplasts^ the others chloro- or 
chromopliisfs, according to their hue, the green ones or chloro- 
phyll bodies being thus distinguished from all others 614). 

The plastids must be distinguished from other cell-contents 
such as will bo described later. They are independent bodies 
chai god with the performance of definite functions ; they always 
lie in the substance of the protoplasm, and not in the vacuoles ; 
they have a power of multiplication by division, quite apart 
from the activity of the cell-protoplasm. Their shape and their 
dimensions vary extremely in different cells, but they are gene- 
rally spheroidal or discoid. There seems to be but little difference 
between the chloroplast and the leucoplast, the latter being 
formed in parts to which light has no access, the former occur- 
ring in parts exposed to light. In the presence of light the 
leucoplasts can develop a green colouring matter, becoming 
chloroplasts. 

The colouring matters of the different plastids can be ex- 
tracted by various solvents, leaving a colourless basis. The 
green colouring matter of the chloroplasts, which is known as 
chlorophyll^ can be dissolved out by alcohol, benzol, and other 
fluids. The red or brown colour of the chromoplasts of the red 
or brown seaweeds is soluble in cold distilled water. They are 
found after removal of jfchcse pigments to contain chlorophyll as 
well. 

Cfiromoplasts of various colours give their tints to many of 
the brilliant floral leaves, particularly those which are yellow 
or scarlet. These are generally derived from chloroplasts, the 
leaves when young being green. 

We have seen that, at some period of their life, many of the 
lowliest plants consist only of a small ovoid mass of protoplasm 
with two appendages or flagella at one end. These flagella, like 
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the rest of the cell, are composed of protoplasm, and are espe- 
cially capable of vigorous movement, showing a certain dififcr- 
entiation with that object. Other naked masses of protoplasm 
are not furnished with these flagella, but possess much shoi^ter, 
more delicate threads known as cilia, which are placed either 
all over their surface, as in the diase of the zoocoenocytes of 
Vauclieria, or form a ring near one end, as in the zoospores of 
* CEdogonium {fig, 666 , c). In many of such naked colls there 
is a specially coloured corpuscle, usually red, known as an eye- 
spoi. In others a special vacuole in the protoplasm shows a 
rhythmical enlargement and contraction. This is known as a 
contractile vacuole. It recalls a similar stmeture in the lowest 
animal organisms. 

The Cell- wall. - Wc ha\e seen that in most cases the first 
evidence of the ^ ital power of the protoplasm is the formation 
of a membrane which surrounds it on all sides. This is known 
as the cell-wall. It is chiefly composed of a substance known 
as cellulose, with which in most cases other bodies known as 
pcctoscs are more or loss closely incorporated. Cellulose has a 
very complex molecule, into which only the elements carbon, 
hydrogen, and oxygen enter, the latter two existing in the same 
proportion as they do in water ; this body is consequently a 
member of a group of substances known as carbohydrates. Its 
chemical formula is often written C, II„)Or,, though probably it 
should be some multiple of this. Sugar and starch are oth(;r 
members of the same group. 

Cellulose is n colourless transparent substance, easily per- 
meable by water and by substances in solution in it. It can be 
stained violet by iodine in the presence of sulphuric acid or 
chloride of zinc. 

The solid portion of the cell-wall contains a varying quantity 
of water. Various theories have been advanced as to the way 
in which the latter is combined with the other constituents. 
Nageli has suggested that the wall is composed of micellw, 
or needle-shaped crystals of cellulose, airanged with their long 
axes at right angles to the surface of the wall, and sur- 
rounded by a thin film of water. According to Strasburgfer the 
particles of cellulose are arranged in a network, water occupying 
its meshes. In either case the quantity of water is capable of 
considerable increase or diminution, and the wall can be made 
to swell up by causing it to imbibe more fluid. This can be 
brought about by exposing it to the action of strong acids, such 
as sulphuric acid. 
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A different view of the composition of the cell-wall has been 
q^vanced in recent years by Wiesner. He holds that the sub- 
stance of cell-wall as it is first formed consists of rows of 
granular bodies which he terms dermatoaomes, which are united 
together and surrounded by protoplasm, and which ultimately 
become cellulose. On _this hypothesis the cell-wall is living 

Fiu. 616. Fig. .617. Fig. 618. Fig. 619. 



Ftg, 616. Kouii«le4l colls, Fig. 617. Elliptic or oblonji: cell. Figs 618,619. 

Polygonal <*ells in combination : those of the latter figure Ijeing plttetl. 


while young and growing. The protoplasm thus exists between 
particles of cellulose, and holds water in its substance. 

As the cells grow there is a continuous formation of cellulose, 
due, like its first form.ation, to the vital activity of the protoplasm. 
By irregularity of growth, due to internal causes bringing about 
gK^ater possibility of stretching in certain places, cells become of 
various forms ; when the growth is uniform, or nearly so, in all 
parts of the cell -wall, we have a spherical or rounded cell (fig, 
616) ; but when it is greater at the two extremities than at the 
sides, the form is oval or oblong (Jig. 617). In both those cases, 
also, the cells arc almost, or entirely, free from external pres- 
sure. But under other cir- 
cumstances, in consequence 
of the mutual pressure of 
surrounding cells, they as- 
sume a polygonal form (Jiga. 

618 and 61*9), the number of* 
the angles depending; upon 
the number and arrangement 
of the contiguous cells. 

When growth takes pla^e 
on all sides of the cell-wall, 
but certain spots are more 
extensible than the rest, the 
internal pressure causes protrusions at those places, so that 
we have rays projecting froin them in various directions, and 


Fig. 620. Fig. 621. 





Ftg. 621). Btollate cells. Fig. 621. Cylin- 

ilrioa] cells. The small rounded body in 
tlio Interior of three of these oells is the 
naclens. 



280 


MANUAL OF BOTANY 


they acquire a more or less regular star-lilcc shape {fig, 620) J; 
such cells are called stellate. The rays may be situated in ore 
plane, or project from all sides of the cell. Such cells rarely 
have the rays occurring at regular intervals, or all of one 
length, but various degrees of irregularity occur. 

When the growth takes place chiefly in one direction, we 
have cells which are elongated, either horizontally or vertically. 
Of the latter we have such forms as the cylindrical {fig, 621) 

Fig. 022. Fig. 62.S. Fig. 024. 



Fig. 626. 


Fig. 626« 




Fig. 622. Elonjrated fusiform cells. Fig. 623. Fibrilllform colls {hyphev). 

Fig. 624. Triinsversc section of a thick- walleil coll of the pith of 

Iloya carnosa. From Von Mohl. Fig. 025. Thick-WBllcil colls from the 

fruit of a Valm. a, a. Cell-walls, h, h. Concentric layers of thickeninp. 
c. Canals extending from the central cavity to the inside of the wall 
of the cell. d. Cavity of the cell, e, e. External dotted appearance. 
From Unger. Fig. 620 Striated fibfts from bast of Lime tree. 


and the fmifomt {fig. 622) ; by the mutual pressure of con- 
tiguous cells, the latter often become prismatic. In inany 
Fungi the common cell-wall of the ^oenocyte is elongated, very 
delicate and thread-like, and either simple or branched 

{fig. 628). 

When the cell has attained its full size, or in some cases 
while itis still growing in surface, its wall becomes thickened by 
the deposition of successive layers over those already formed. 


THE VEGETABLE CELL 


281 


A traiiBveiso section of many cell-walls shows traces of this mode 
#of thickening, the successive layers appearing as shells of sub- 
stance lying one upon another. Such a cell -wall is said to be 
stratified {fig, 624 and 625). Viewed longitudinally, the walls 

Fig. 027. Fig. 628. Fig. 629. Fig. 630. Fig. 631. 
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It generally happens that, when cell- walls are being thick- 
ened, the new deposits of cellulose are not laid down uniformly^ 
over the surface, but instead form ridges or prominences of 
various patterns, with unthickened portions between them. 
The thickening may take the form of a spiral band, winding 
obliquely round the interior of the cell ; it may be deposited in 
the form of rings placed regularly along its greater axis; or 
it may be laid down irregularly, giving rise to particular patterns 
upon the wall. These forms are known as spiral, annular, 
and reticulated thickenings respectively (figs, 682-684). In 
other cases the thickening may extend over the greater surface 
of the wall, leaving only small unthickoned spots. Such a cell- 
wall is said to be pitted. When two cells side by side are 
undergoing thickening simultaneously, the thick and thin 


Fio. 637. 



Fig. 637. Cells whose walls are In process of thickening. The thick ami 
tliiu places on the separating wall correspond in position, p. Pits or thin 
places, a. Thickening deposit. 

places of the separating wall correspond in position, and the 
pits appear as delicate canals which in some cases serve as 
means of communication between the cells (figs, 625 and 
637). 

In the cell-walls of the wood-cells of certain trees we find pits 
of peculiar formation, each appearing to be surrounded by a ring. 
These are known as bordered pits, The*^cells in which they 
occur are long fusiform elements, and are characteristic of the 
secondary wood of the Cotdferce, The appearance is produced by 
circular patches of the cell- wall remaining thin after the general 
thickening has commenced, and the rim of the thickening layer 
bounding them growing obliquely inwards, leaving ultimately 
only a narrow orifice in the centre; or, in other words, the 
opening of the pit into the interior of the cell is narrow, and the 
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pit itself is funnel-shaped (fig, 639, 6, r). As these thicken - 

pings always occur in pairs, that is, one on each side of the cell- 
wall, they appear as two watch-glasses would do if placed rim 
to rim, and separated by a thin sheet of paper. To carry out 
the comparison completely, however, the watch-glasses must 
be supposed to be perforated in their centres (fig, 639, 6). The 
central spot, which appears lighter than the rest of the pit when 
examined by transmitted light, is caused by the light having to 
pass only through the thin unthickened cell- wall or membrane 
(fig, 639, c, 1 ^;), "while the darker colour of the border is caused 
by the light having to pass through the thicker substance of the 
rim. The membrane has a separate central thick'’ ning called 
the toni/tj which thus lies inside the pit, and is about as large as 


Fig. G38. Fig. 639. 



Fi(/. 638. Bordercnl pita of tlie w<x)d-ooHb< of the Pino, with a siiif^le row of 

dlsos oueacli roll Fi{}. 639. Bordei -dpitsof the wood-celb< of the Pine 

(tliapram), «. Youiif? stage with tithickoned cell- wall or niouibraue. 
Tile straiglit luirt on tlie right hIiows a Bwtion thi-ough a pit with the 
rim beginning to project ; tlie circle -n the loft hIiowb the rim in surface 
view. Potted llinis connect correspo ding i»art8. b. Ohlor stage showing 
the membrane wltli Its torus, r. H< ‘mi -profile view, showing iwsltion of 
membi-ane, fr. After Sachs. 


the central opening, which it can therefore block up when great 
tension exists on either side of the membrane, forcing it out- 
wards. In very old wood this intervening membrane often 
becomes absorbed, and then direct communication between the 
adjoining cells is possible. 

These bordered pits occur either in single (fig. 638) or in 
ddublo or triple rows. In those cases where there is more than 
one row of them, those in each row may be either on the same 
level, as is usual, or at different levels, and hence alternate to each 
other, as in the Araucarias and allied trees. 

CeUs presenting such a characteristic appearance are of 
imiversal occurrence in the wood of the Coniferce and Taxacea?, 
where they can be most distinctly obsers'ed. But somewhat 
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similar bordered pits of smaller size may be found also in many 
other Phanerogams. 

The material of which the cell- wall is originally composed is 
a mixture of cellulose with various pectic bodies. The reactions 
by which cellulose may be recognised arc — 

1. It is insoluble in water, weak acids or alkalies, alcohol, 
ether, benzol or other aromatic liquid, but dissolves in ammo- 
niacal solution of oxide of copper (Schweizer’s reagent). 

2. It is permeable by water, extensible, and elastic. 

3. It swells up and slowly dissolves when treated with strong 
sulphuric acid. 

4. It stains violet when treated with sulphuric acid and 
iodine, or with a solution of iodine in potassic iodide and 
chloride of zinc. 

5. When it is viewed by polarised light it causes the rays to 
be deflected to the left. 

The pectic bodies, chiefly consisting of pectosc, pectin, and 
pectic acids, are not soluble in Schweizer’s reagent, but are 
slowly dissolved by the successive action of acids and alkalies. 
They do not stain violet with iodine, either alone or in conjunc- 
tion with sulphuric acid or the chlorides of the heavy metals. 

The cell-wall seldom remains simple ; soon after formation 
changes occur in it, admixture of mineral substances to a con- 
siderable extent often rapidly taking place. The chief of these 
are salts of calcium, usually the oxalate, but often the carbonate. 
Some cell-walls show a copious deposit of regular crystals of 
one of these— such arc the cells of the bulb-scales of the Onion, 
the fibres of the bast of Ephedra, and others 640). In 
many plants copious deposits of silica are found in the cell- wall, 
notably in the epidermal cells of Grasses and Equisetacece. In 
some plants of the Nettle family curious cellulose projections 
occur in some of the cells of the epidermis which contain 
irregular masses of calcium carbonate. These are known as 
cystoliths {fly, 642). 

Besides these admixtures of foreign substances, cell-wall is 
found to contain other bodies derived from changes in its cellu- 
lose or pectose constituents. Of these, three are especially pro- 
minent — lignin, cutin, and mucilage. Lignin is the material 
which is especially characteristic of wood-cells. It is permeable 
by water very readily, but, unlike cellulose, it cannot retain much 
in its substance, nor can it swell up under the influence of sul- 
phuric acid. It can be recognised by turning red when treated 
with phloroglucin and hydrochloric acid. The wall of a wood- 
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cell does not consist entirely of lignin, but of a cellulose basis 
^hich is largely impregnated with this substance. By the action 
of nitric acid and chlorate of potash the lignin can be dissolved, 
leaving the cellulose framework. 

Cutin is found chiefly in the external layers of the thickened 
epidermal cells, and is also met with in the walls of cork cells, 
where it is frequently associated with a certain amount of lignin. 
It differs from cellulose in many points : it is but slightly 
permeable by water, and it stains yellow instead of violet when 
treated with iodine and sulphuric acid. It turns yellowish - 
brown when acted upon by strong alkalies such as caustic potash. 


Fki. 640 . Fig. 641 . 


Fig. 642 . 




Fii/. 640. Bttst cell of Kphedra witli (Ty.stuls embcd«le<l in 

the wall. /’tV/.641. ('ystolith from Pariftarin ojficmalU. 

Fig. 642. Cystolith from tlic leaf of Ficm elastka, ep, 
Thn'C-laycix'd qdderiniH. pa. I’aroucliyma of leaf. cys. 
Cystolitii. 


Like lignin, cutin is soluble in warm nitric acid and chlorate of 
potash. 

Mucilage is found in the cell-walls of certain layers of the 
coats of such seeds as linseed, and in the cells of many Algee. 
It absorbs water greedily and swells up considerably. It gives 
a violet colour with iodine and sulphuric acid, as cellulose does, 
differing from the latter chiefly in the ease with which the 
absorption of water is brought about. In some cells the muci- 
laginous degeneration of the cell-wall goes so far as to lead 
to the production of gum^ which is soluble in water. Exuda- 
tions of gum produced in this way are very common on Cherry 
trees. 

A peculiar modification of the cell- wall can be easily observed 
between contiguous thickened cells, constituting the middle 
lamella. This occupies the position of the original cell-wall, and 
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at first sight might be taken to be the latter, after several 
thickening layers have been deposited upon it. This is not, how^ 
over, the case, for the thickened wall has been the seat of much 
chemical alteration. The nature of the middle layer varies ; in 
adult cells which have not become lignified or otherwise altered 
it consists of a compound of pectic acid and calcium. This layer 
can be distinguished between even very young cells, by appro- 
priate reagents. 

The cell- wall is often found to be impregnated with wax, 
which in some cases is so plentiful as to form a layer of particles 
on the external surface. This can be seen in the bloom of cer- 
tain fruits, such as the Plum and the Grape ; also on the leaves 
of the Wax Palm. 

Certain modifications of cellulose also occur, unmixed with 
any of these derivatives. The walls of the hyphte* of Fungi afford 
an example of these ; the cellulose, sometimes coMQdif ungmccllu- 
losCi does not turlf violet when treated with iodine and sulphuric 
acid. In the walls of certain cells, such as those of the bast of 
Lycopodium, the endosperm of the Pieony, and the cotyledons 
of some of the Leguminoace, a variety of cellulose is found which 
stains blue with iodine alone. 

Chemically regarded, the cell-wall is thus seen to be very 
complex in composition. Originally it consists mainly of cellu- 
lose, with a small admixture of pectoses ; as it grows older this 
simplicity disappears, and it is found to bo a mixture of those 
primary constituents with various products of their decomposi- 
tion, which are present in widely differing proportions, or with 
other materials which have been absorbed by it and deposited 
in its substance. 

The Cell-contents. — Besides the protoplasm or living mate- 
rial present in the cell, very many other substances are found 
there which are extremely variable in nature and amount. All 
these ore to be associated in some way with the vital activity of 
the protoplasm. As the latter is practically stationary in the cell 
and carries on its life-work there, it is evident that the substances 
necessary for its nutrition must be brought' to it ; and as these 
can pass readily from cell to cell only by means of the water 
which saturates the living parts, they must be in solution. The 
water which is^ always present in the cell is known as the cell- 
aap. It may be equally distributed through the protoplasm, as 
in young cells, or it may occupy as well the spaces in the latter 
which we have already described as.vEicuoles. It is never present 
as pure water, but always has various chemical substances dis- 
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solved in it. Besides containing the inorganic substances ab- 
sorbed from outside, it also has in solution in it many bodies which 
nave been made by the activity of the protoplasm ; and as the 
processes carried out by the latter vary greatly in different 
cells, the cell-sap has no constant composition, but is affected 
in different cases by the nature of the work the cells do. 

The substances which the protoplasm constructs are again 
destined to different purposes. Some are to be used up in various 
ways, either in the cell in which they are formed, or in other 
cells to which they are to be transported. These are generally 
known as reserve materials.^ They may remain in the ceUs for 
a longer or shorter period. Others are to be regarded malorial 
which is of no further use to the plant at all, and are therefore 
to be got rid of. It is important to remcnjber that the plant, 
imlike the animal organism, has little or no power to excrete 
anything from its body. Waste products, therefore, instead of 
being thrown off at once by definite channels, are usually packed 
away in particular .cells of the plant — for instance, in the bark 
of trees. 

Other products are neither reserve noif waste materials, but 
are formed in the cells to perform definite work there ; such are 
the bodies known as mzymcs or fern which carry out many 
chemical changes in the substances deposited in the cells. 

As we have seen, many of these vaiious bodies exist in the 
cell-sap in a state of solution ; others, ho\Yever, are deposited in 
a solid form. We can explain the presence of the latter in the 
same way as that of the others; they ore either reserve or 
waste products, or charged with a definite duty in the work of 
the cell. 

The cell-contents, varying thus from place to place and from 
time to time, stand in a very different position from the proto- 
plasm, which is constant in its presence during the time the cell 
is living. The protoplasm carries out the vital work, aided by 
the various plastids already alluded to, when these are present. 
The other cell -contents are to be regarded only as aiding or 
resulting from the wotk of the protoplasm or the plastids. 

The bodies included in the cell-contents, using the term in 
this restricted sense, may be divided into two groups : those 
soluble and those insoluble*in the cell-sap. Among the former 
are included constructive materials for the protoplasm, such as 
freshly absorbed inorganic salts, and more highly elaborated 
bodies destined either for immediate use, or temporary storage, 
or possibly merely on their way through the cell. Various 
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carbohydrates, chiefly sugars, vegetable acids and their salts, 
nitrogen-containing bodies in the form of amino-acids, belong tc^ 
this category. Other substances, possibly nutritive, possibly only 
the by-products of nutrition, such as tannin, various glucosides, 
alkaloids, and other complex bodies, are also to be met with. 
In many cells, though with a more restricted distribution, we 
find various colouring matters in solution, chiefly blues, violets, 
or rods. 

The bodies which form the second or insolijjble group 
include starch grains, fats, proteid reserve mfiteriaU, either in 
amorphous, granular, or toyst^Uine f(jjm, and crystals of inorganic 
salts. ^ ‘ 

All these call for*separate description. . , • 

Starch Grairm^- -Sitarch is not onl^ widely** distributed 
through the different pa^ of a plant, but it also occurs in varying 

Fig. 04^ * ^ Fig. C44. ,Fiu* 415, 



Fiy. 64 J. Cell of the PotutiiP|^oiitiiiiiiiig 8li||«li granules. Fty. 64-1. Wcht- 

ludiii Arrowroot ( x 250). P'lg. 645. Sago meal ( x 250). 


quantity in all classes of plants with thi^exception of the Fungi. 
In all cases starch is a transitory product stored up for future 
use. When required for the nutrition of the plant, it is converted 
into sugar, which is a soluble substance, and can therefore be 
at once applied to the purposes of nutrition, which is not the 
case with starch in its unaltered condition, as it is then insoluble. 

When fully-formed starch is found floating in the cell-sap, it 
is m the form of colourless granules or grains {fig, 643), which 
are either distinct from one another, ^or more or less combined 
so as to form compound granules (figs, 649 and 652) t 

In form the separate granules are always spherical or nearly 
so in their earliest condition. In some cases this shape is 
nearly maintained in their mature state, as in Wheat starch 
(fig. 650), but the granules frequently assume other forms, 
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becoming ovate, elliptical, more or less irregular, club-shaped, 
0 % angular (figs. 644-647 and 651). Starch granules vary, 
extremely in size in different plants, and even in the same cell 
of any particular plant. The largest granules known appear to 
be those of Canna starch, or, as it is commonly termed, ‘ Tous-les- 
mois,’ where they are sometimes as much as the of an inch 
in length (fig. 647) ; while the smallest granules, among which 
may be mentioned those of Rice starch (^. 651), are frequently 
under <^an inch in length. 

Starch first mikes its appearance as minute colourless 
granules in the interior of thq^ chlorophyU’ grains when exposed 
to sunlight. Tkese primary starch. gramiJes rarely grow to any 
considerablev?Size. Im..the parts of the plafit which are not 
exposed^ td. ii^t, graii|g, of larger dimej^on# and of some 


^Fio. ^46. Fid:4647. \ 



Fig. 046. Group of rod-llke louoaplintidfl, I, each bearing a Htarch grain, 
collected round the nucleus, «, of^ cell of the fgwido-bulb of an Orchid 
(l^ajusgranJifoliut). x 600. After Schiiri per. 047. Tous-les-mois 
( X 360). Fig. 048, Potato starch ( x 260). 

-A- ^ 

complexity of structure are met with. These are formed by the 
activity of another form of plastid, much like the chloroplast, 
but, on account of the absence of the green colour, knowm as a 
leucoplast or amyloplast (fig. 646). In a grain formed by such 
a leucoplast (figs. 647 and 648), we may observe a roundish 
dark spot, which is tented the hilurriy situated near one end of 
the gtanule ; and surrounding this a variable number of faint 
lines which alternate with other darker ones, so that the whole 
presents the appearance of *a series of more or less irregular 
concentric shells placed around a common point. The cause of 
these appearances has given rise to much discussion ; but from 
the observations of Sohimper and others there appears to be no 
doubt that these shells are separate layers of starch substance 
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that have been deposited successively by the amyloplast round 
the first formed portion, which is therefore more or less central. 
The various shapes of starch grains are due to irregular 
deposition of these layers. If the grain is formed regularly in 
the interior of the amyloplast, the layers are concentric ; if the 
formation commences .towards some portion of its exterior and 
quickly bulges outwards, the layers are irregular, being thicker 
and more numerous on the end of the grain which is nearest to 
the bulk of the plastid, as in the Potato {fig» 648). Probably 
the grain is always covered by the substance of^the plastid, 
though there may be oply a very delicate film-like layer of the 
latter over the protruding portion of the starch grain. 

Compound starch grains are frequently met with. These 
are of two kinds^* some are due to two or more grains having 
been pressed together during their development. Such grains 



Fig. 649. Cknnpound starch graDulos of "WcBt-Indla Arrowroot. After Scliloi- 
den. Fig. 660. Wheat starch ( x 260). — ^Fig. 661. Eice starch ( x 260). 


usually originate by two or more arising symmetrically in the 
interior of the same plastid. Others Ire found to contain two 
or more hila, each with its concentric rings, and the whole 
surrounded by several layers of the scune material. In this 
case the amyloplast has begmi to form two or more grains at 
points towards its exterior, and these in time have come into 
contact. The further activity of the plastid has led to the 
aggregation becoming surrounded by deposits or shells of starch 
(jig. 662, b). 

In some cas^s the starch grains are of extremely curious 
shape. They may be linear, or like dumb-bells with elongated 
handles, as in Euphorbia (jig, 668). The latter are formed 
by plastids which are more active at their extremities than 
along the intermediate portion. 

In many cells the starch grains are extremely minute and 
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occur in enormous numbers, as in the style of the Lily. These 
speaks are probably formed directly by the protoplasm, as no 
plastids have yet been discovered in the cells of this tissue. 

The starch granule consists of the true Btarch-compound and 
water. The starch-compound is composed of two substances, 
which are intimately blended together, viz. granuloee and starch- 
cellulose. The granulose makes up by far the greater part of 
the starch-compound ; it is capable of being dissolved out of 
the cellulose by saliva and dilute acids, and it is to it that the 
starch granule owes the violet-blue colour which it assumes 
when treated with a solution of iodine. The cellulose on the 

Fig. 663. 


Fig. 652. 

B 



A. Oompotind ; B. Semi-oompound 

of staroh. Fig. 663- Part of 

a luticiforous cell from Euphorbia 
xpleniUns ; it contains starch grannies 
of a peculiar ilnmt>-bell and somewhat 
rod- and bonc-like form. 



other hand, not being soluble, is left behind as a skeleton, and is 
not coloured blue by the iodine solution. 

Starch is insoluble in cold water, alcohol, ether, and oils. 
By the action of boiling water it sv/ells up and forms a mucilage 
or pasfe ; if when cooled iodine be added to this, a deep blue 
colour is produced ; this coloiy: disappears on heating the mix* 
ture, returning, however, as it cools. The starch grain gives 
the same reaction with iodine as the solution. K starch be ex- 
posed to a temperature of about 820° F. for a short time, it is 
converted into a soluble gummy substance, caUed dextrin or 
British gum. By the action of dilute sulphuric acid it is 
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converted into sugar. The saule change is brought about in the 
cells of the plant by a peculiar nitrogenous body known as 
diastase^ a member of a group of bodies termed enzymes^ 
which are of widespread occurrence in plants and which will be 
spoken of later. Starch affects polarised light in a somewhat 
similar manner to cellulose. 

Proteids . — We have already seen that the protoplasm of the 
cell encloses in its meshwork varying quantities of the peculiar 
nitrogenous material known as proteid. In some cells this exists 
in large proportion in amorphous form. In many cases, how- 


Fig. 654. Fig. 666. 



Fig. 664, Coll from the endosperm or albumen of the 8ee<l of the Castor-oil 
plant {Ricinut communU) in dilute glycerine, showing large transparent 
proteid or aleurone grains, with, crystalloids and globoids embedded in 

them. After Bachs. Fig. 666. Cells of a very thin section through a 

cotyledon of the embryo in a ripe seed of the common Pea {IHsnm 
sativum), a, a. Aleurone grains, st. Starch granules, i, i. Intercellular 
spaces. Aftw Sachs. 

ever, it is deposited in the form of grains of definite shape and 
sometimes of complex character. These grains are known as 
aleurone grains. They consist of mixtures of proteids belong- 
ing to the globulin and albumose classes, which show considerable 
differences in solubility. In most cases they can be seen to lie 
in a coarse meshwork of prol^plasm. They arc especially 
characteristic of the cells of the interior of the seed. 

The aleurone grains vary very much in size and shape. In 
the Pea they may be seen as very small round bodies lying in 
the same cells as starch grains {fig, 666). In the Lupin they 
are larger, and occur in conjunction with oil, but not starch. In 
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both these cases they show no structure. In the Castor-oU seed 
and in that of the Brazil nut they differ from the simple forms 
described. The larger part of the aleurone grain is occupied by 
a crystalline portion, known as the crystalloid. This, like the 
grain itself, is proteid in character. There is present also in 
these grains a rounded aggregation of mineral matter, a double 
phosphate of calcium -and magnesium, which is termed the 
(jloboid G54). 

In a few cases cells are found to contain crystalloids of 
proteid not included in an aleurone grain. Such bodies occur 
frequently in certain parts of the tuber of the Potato, and in 
some Seaweeds. 

Fats and Oils , — Certain cells, generally in the fruit or seed, 
contain fats or oils saturating the protoplasm, or sometimes 
occupying nearly the whole of the cell -cavity. Ethereal oils are 
found similarly in cells of various parts of the leaves or stems, 
usually in small aggregations of cells in the interior of the 
tissue, or in cells of the hairs which grow from the epidermis. 
These are generally spoken of as oil-glands, or glandular hairs. 

Bemu , — In certain plants, particularly those belonging to the 
natural order Coniferas, certain aggregations of cells are found 
to contain quantities of peculiar material, generally termed 
resin. This material is different in composition in different 
plants ;■ it may be recognised by its staining red with alcoholic 
tincture of alkannin. It is soluble in alcohol, benzol, and ether, 
but insoluble in any watery fluid. 

BapJiides . — This name is now very generally applied to all 
inorganic crystals of whatever form which are found in the cells 
of plants, although the term raj)hidcs was originally given to 
those only that had the form of needles (figs, 658 and 659). 
Raphides may be found more or less in nearly all orders of 
plants, and in all their organs; generally, however, they are 
most abundant in the stems of herbaceous plants, in the bark 
of woody plants, and in leaves and roots. In some plants they 
occur in such enonnous quantities that they exceed in weight 
the dried tissue in which they are deposited : this may be 
cspeciftlly observed in some members of the Cactacece, The 
raphides are usually contained in cells from which starch, 
chlorophyll, and other granulhr structures are absent (fig. 658), 
although this is by no means necessarily the case. 

The raphides may occur singly in the cells, as in those of 
the bark of the Locust tree (fig, 666) ; but fsir more commonly 
there is a number of crystals in the same cell. In the lattei* 
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case they are usually placed either side by side, as in the stem 
of Eumex {fig* 658) ; or in groups radiating from a common 
point, and so assuming a clustered or conglomerate appearance, 
as in the stem of the common Beet {fig, 667). The former 
have been termed adcular ra^hddes, and the latter con- 
glomerate rapTiidee or apheer aphides. 

In the common Arum, where raphides are very abundant, 
and in some other Aracece the cells which contain the raphides 
are filled with a mucHagmouB sap ; when they are moistened 
with water the sap absorbs it freely, so that they are distended 
and caused ultimately to burst and discharge their crystals 
from an orifice it each end {fig, 659). 


Fig. 666. 



Fig. 667. 


Fig. 668. 




Fig. 659. 



Fi(j. 666. Solitary crystals in the cells of the bark of the Locust tree. After 

Gray. Fig. 667. Conglomerate raphides or sphaeraphides of the Beet. 

Fig. 668. Acioular or true raphides of a species of Rumex, Two cdls 
contain raplddes, and three of them chlorophyll granules.- — Fig. 669. 
True or aolcular raphides of an Arum being discharged through endos- 
mose under the influence of water. 


The crystals thus described consist generally of calcium 
oxalate, which crystallises in two forms according to the propor- 
tion of water it contains. When the crystals contain six equiva- 
lents of water of crystallisation, they form octahedra {fig, 667), 
as in the conglomerate raphides or sphaeraphides ; when, on the 
other hand, there are only two equivalents of water of crystallisa- 
tion, bundles of acioular crystals or true raphides are prdduced 
{Jig9, 668 and 669). In rarer cases the crystals ore composed 
(k calcium carbonate* 

The raphides are usually regarded as waste products, or bye- 
products of the metabolism of the cell. They are frequently 
surrounded.by a delicedie pellicle of cellulose, thus being shut off 
from contact with the protoplasm. 
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Of the substances which are met with in solution in the oell- 
little more need be said at present. The kinds of sugar 
foxmd are chiefly maltose, grape sugar, and cane sugar. A pecu- 
liar carbohydrate body, inultn, is found in the tubers or tuberpus 
roots of certain of the Compositce, particularly the Dahlia and 
the Artichoke. This substance has the same percentage composi- 
tion as starch, and, like the latter, is readily convertible iuto a 
form of sugar. It can be made to separate out from tfee cell-sap 
by keeping the tissue containing it in spirit. A section taken 
through such a piece of tissue and mounted in water will show 
large sphaero- crystals of inulin, often extending through several 
contiguous cells (iig» 660). 

Fio. 660. 



Fig. 660. Spheero-crystala of Inullu from the Artichoke, a. Small crystiUs in 
interior of cells, b. Large cryst^s extending through many oelle. ( x 260) 


The amino-acids, such as asparagin, leucin, &c., which are 
found in the oell-sap, are generally the result of the decomposi- 
tion of proteid material. They are very prominent in young 
seedlings and in germinating seeds. 

In msmy cells the peculiar bodies spoken of as enzymes 
occur. These are very varied, smd a discussion of their pecu- 
liarities must be deferred to a later section of this work. They 
can only be detected cells by the results of their activity. 

«The cells vary much in size in different plants, and in 
different parts of the same plant. Polygonal or oblong cells, on 
an average, vary from abosit to of an inch in diameter ; 
others again are not more than ; while in some oases they 
are so large as to be visible to the n^ed eye, being as much as 
^ or even ^ of an inch in diameter. The largest occur in the 
pith of plants, in succulent parts, and in aquatic' plants. 
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The dimensioDs of elongated cells generally alford a striking 
contrast to those of polygonal ones ; for while we find that thehr 
transverse diameter is commonly much lees, averaging about 
ii^ch, and frequently not more than they 
become much more extended longitudinally, sometimes reaching 
four, five, or more inches in length. More generally, however, 
they vary fi-om about ^ to of an inch in length. 

Those cells a.gain which have an unrestrained development are 
frequently also more extended in length. The cell of which 
each filament of cotton is formed is sometimes as much as one 
or two inches long. On the other hand, some of the minute 
cells known as microbes or micro-organisms arc not more than 
uxJiTff of ^ ioch in diameter. 
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CHAPTER II. 

FOKMATION OF CELLS — TISSUES. 

We have seen that every plant commences its life as a single 
ceU, sometimes a naked piece of protoplasm, as a gamete, or one 
clothed with a cell- wall, as most kinds of spore. It follows from 
this that all the cells of which the most complex plant body is 
composed are derived from one of these by some process of multi- 
plication. In this, as in all other vital processes, the protoplasm 
is the active agent. In the production of the gamete or spore it- 
self we have to do with the formation of a new cell, generally but 
not necessarily by a process of multiplication ; while in the case 
of all zygospores and oospores the new individual is the result of 
fusion of cells, and therefore involves diminution instead of 
increase of number. 

We may distinguish several different methods of cell forma- 
tion, which can, however, be classed under the two heads men- 
tioned above. First we will take those cases in which the new 
cell results from the division of an antecedent cell, and after- 
wards those in which no such division takes place. 

1. Formation of New Cells by Division of Antecedent 
Cells. — This is by far the most frequent method. Usudly a 
cell divides into two, and a wall is immediately formed between 
them. Less often a variable number of cells is formed in 
the interior of a cell, known generally as the motlier-cell^ and 
they become clothed with cell-walls simultaneously or not at all. 
The former is most common in vegetative, the latter in repro- 
ductive processes. The two processes are termed cell-division 
and»/ree cell-formation. 

Cell-division, — We have pointed out that the division of the 
cell is brought about by the protoplasm. The actual division 
is preceded by a division of the nucleus, which is known as 
Tcaryokinesist or indirect nuclear division. 

In the cases that have been most completely investigated 
the nucleus consists essentially of a delicate network of fibrils 
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of chromatin, embedded in a hyaline substance, and surrounded 
by a more or less well-defined outline derived from the cellj 
protoplasm and knawn as the nuclear membrane. Associated 
with it in some cases are two small centrospheres. Karyokinesis 
begins by the network of fibrils becoming coarser and gradually 
separating to form a long coiled fibre. The nucleoli disappear, 
and the nuclear membrane can no longer be distinguished. At 
the same time, in those cases in which centrospheres have been 
seen, they shift their position and come to lie on opposite sides 
of the nucleus at some little distance from it. The long 
coiled fibre of chromatin breaks up into a nximber of pieces, 
often V-shaped, which point towards the centre of the nucleus. 
The number of these varies in different cells, but is constant in 
those of the same tissue. Those pieces of the fibre are known as 


a 


Fio. 661. 






h'ig, 661. Stages iu karyokinetic division of the uiioleus. a. Resting nucleus. 

b. Stage of etiuatorial plati\ c. Separation of the cluromosomes, d, Com- 
• mencemeut of formation of cell-wall. e. Extension of nuclear spindle 
across the cell. 


chromosomes. The chromatin in the fibres is broken up into 
thin discs, which are separated from each other by smaller 
discs of unstainable substance. Threads of delicate character 
may next be seen to extend from one centrosphere to the other, 
forming a body known as the nuclear spindle. The ends of the 
spindle are known as the poles of the nucleus. The nuclear 
fibrils, or chromosomes, travel along the* threads, with which 
their points are in contact, till they form a plate across* the 
spindle. This stage is constant in all cases of karyokinesis, 
though the details of its formation vary in different oases. The 
body is sometimes called the equatorial plate (fig, 661, 6). After 
this stage is reached, each chromosome splits longitudinally 
into two, and the equatorial plate divides into two in such 
a way that half of each chromosome points its base to one 
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centrosphere or pole, and the other half to the other. The two 
sets of fibrils so formed then separate and travel back along the 
spindle fibres towards the two poles of the nucleus, changing 
their positions as they go till their convex sides point towards 
them. They thus collect into two places which are determined 
by the position of the poles of the nucleus (or the centrospheres 
if the latter are present), and present there the appearance of 
two somewhat stsu'-shaped aggregations. This is known as the 
diopter stage. The chromosomes at each pole now become 
united by their ends, and the fibres so formed become closely 
coiled, thus constituting two new nuclei, each gradually 
becoming well defined 

” "Pm 

by the appearance of 

a nuclear membrane ; ’ * n 

the original appearance i-A 

is thus regained, nucleoli y ) 

appearing in each new ^ rS W 

nucleus. The spindle ^ " 

fibres may remain TV. /c^ \\ 

connecting the new \l 

nuclei for a time, as is ^ ^ ^ 

the case when a cell- ^ \ P 

wall is formed imme- 0 Uj 

^ately; or they may plant in proc«, ^ 

disappear at once. In ©f dewiopment. — Ftg. 663. 
the cases in which a Cot^Terva glomeraia, showing the ^ 

. yrogresaive stages of gemma- 

centrosphere has been tion or budding (6, c, d, e\ a. 
obBorved it divides at After Vonkohl. [J, 

this stage, and the two 

new centrospheres may be distinguished in contact with some 
point of the new nucleus. 

In ordinary cell- division the formation of the new nuclei is 
followed by the appearance of a cell- wall in the original position 
of the equatorial plate. If the spindle fibres do not stretch 
completely across the cell, others are formed beside the original 
ones, till the spinAe is in contact with the lateral cell-walls. 
Granules which have been fioaiing in the cell-protoplasm are to 


Fig. 062. Yeast plant in process 

of dewlopment. Fig. 663. 

Conferva glomeraXa^ showing the 
progressive stages of gemma- 
tion or budding (6, c, d, p). a. 
Terminal cell. After V on Mohl . 


be seen streaming along the spindle fibres till they form a plate 
stretching across the Middle of tbe cell from wall to wall. 
From this cell -plate the septum of cellulose is formed. The 
central portion of the plate may be formed before the extension 
of the spindle across the cell is complete. 

A variation of this process is seen in the formation of the 
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spores of certain plants ; for instance, the miorospores of Dicotyle- 
dons. The original nucleus of the mother-cell of the spores divides 
into two as described above. The spindles disappear, and each 
nucleus divides again. New spindles are next formed between 
the four nuclei (fig, 664, b), and then cell-plates or cell- walls 
are simultaneously developed between them, giving rise to 
four so-called specidl motJieT-cells, each of which develops a 
spore. The division of the protoplasm in this case is often 
preceded by a thickening of the cell-wall at the places to 

which the new septa 
will be attached, so 
that the protoplasm 
is partially separated 
before the new walls 
appear. 

In certain of the 
lower Algae, after the. 
division of the nu- 
cleus and separa- 
tion of the daughter 
nuclei, the formation 
of a new cell-wall 
between them is 
effected by an in- 
growth from the wall of the mother-cell, which gradually extends 
inwards across the cavity. 

In ordinary cell- division the two cells ai’e usually of the 
same size. In some cases a variation in this respect is seen, as 
in the cells of the Yeast plaat. These often put out a lateral 
protuberance of smaller size, which is gradually cut off by 
the constriction of the cell-wall between the two. This varia- 
tion is known as budding, or gemmation (fig, 662). It is not 
uncommon among the lower Thallophytes.. 

In a few cases in some of the lower plants the division of the 
cell is not preceded by division of the nucleus. In others, after 
the nucleus has divided, the new cell-wall ft formed by an in- 
growth from the walls of the original cell. 

Free Cell’ formation , — In this method of cell-formation the 
nucleus divides into two, each of those Into two, each again into 
two, the process continuing till a number of nuclei are formed. 

The protoplasm aggregates round each nucleus, and a 
number of naked cells are so formed in the interior of the 
original cell. In some cases, as in the formation of the zoo- 


Fig. 664. 

A B 


Fig. 664. [Hellehorut fceUdux. After Strasbiirgcr. 
(x640) * Quaclripartltlon of mother-cell of pollen : 
in B the oonne^ing threads and coll-pintes are 
shown; in a the wdls liavc been formed. Oulj 
three are Tlslble, the fourth not being in focus ; 
the mode of development is tetrahedral. 





FORMATION OF CELLS-TISSUES 


801 


gonidia and gametes of many Algse and Fungi (fiff. 665), they 
• remain naked and are discharged in this condition from the 
cell in which they are formed. In other cases, each new cell 
secretes a cell- wall round itself. 

In its simplest form, this mode of cell-production results in 
the formation of a number of isolated cells {fig, 666). In certain 
cases, however, the cells are combined into a tissue, as in the 
endosperm of Phanerogams. When this takes place, the nuclei 
become arranged in a single layer over the internal surface of 
the megaspore ; protoplasm aggregates round each nucleus, and 


Fig. (565. 


Fig. 60 J. 



Fia, 666. Formatiou of zoogonidia in AcMya- 
A. Zoogonldaiigrluin, etlll closed, b. The 
same burst, with tlie discharffed zoo- 

goiildia. After Carpenter. Fig. 666. 

A, B. Escape of the swarm-spores of an 
(Jiklogonium. 0. One in free motion. 
D. The same after It has become fixed, 
and has formed the attaching disc. 
K, Escape of the whole protoplasm of a 
germ-piant of (Edogonium in the form 
of a swarm-spore. Afjpr Prlngsbdm. 



a common cell-waU is formed between each two adjacent cells, 
separating them from each other. Their surface which is towards 
the cavity of the megaspore remains for a little while naked, 
but soon they secrete each for itself a cell- wsdl over it, thus form- 
ing a peripheral layer of closed cells round the cavity of the mega- 
spore. Furth er multiplication of the cells takes place by repeated 
cell-divisions till a mass of tissue fills the spore. 
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The formation of the special mother-cells of the spores, 
described above as a variation of cell-division, is often included 
under free cell-formation. 

The principal difference' between the two modes is that in 
free cell-formation the new cell, if clothed at all, is nearly or 
quite surrounded by a freshly secreted cell-wall ; in cell-division 
a new wall is only formed across the line of the division. 

2. Formation of New Cells without Division. — Two 

modes of cell-production 
Fig. 667. belong to this category. 

The first is known as 
rejuvenescence^ and is 
met with only in con- 

cell withdrawing itself 
from the cell -wall, and 
after a short period of 
quiescence secreting for 
itself a fresh membrane. 
It may remain within 
the original cell-wall, as 
in the formation of 
spores inside the special 
mother-ceUs, which 
have themselves been 
formed as above de- 
scribed by cell-division. 
On the other hand, it 

Fig. 667. Oogonla and autheridia of Achlga ligni- may be set free. In this 
cola, Bhowing cell-dIviBlon. The letters a to K ,, ,| . , 

indicate the course of development. The case tuC cell- wall IS not 
protoplasm of a cell or branch of a cell collects secreted by it Until after 
into a globalar form, a, b, and by the forma- tx • 

tion of a septum, P q, becomes an independeiit its escape, it IB, more- 

sMp or’Tora*” r. 

(oospberee), which quickly become spherical, nished with cilia, SOme- 
and after possible fertilisation by the antheridia «ix„ j x^ j 

a, a, penetrating into the oogonium by their times attached tO one end 

beaks, &, 6, as seen in d, secrete a cell-wall k, as in the ZOOSpores of 
and become oospores. After Sachs. • / j: aot* \ 

CEdogomuni{fig,^Q^c)^ 

or over the whole surface as in the zoocoenocytes of Vaucheria, 

The other mode of cell-production without cell-division is 
that of the fusion of two cells to form a new one. Like the last-, 
described method, it occurs only in connection with the pro- 


Fig. 667. Oogonia and antheridia of Achlga ligni- 
cola, showing cell-division. The letters a to K 
indicate the course of development. The 
protoplasm of a cell or branch of a cell collects 
into a globalar form, a, b, and by the forma- 
tion of a septum, p q, becomes an independeiit 
cell (^he oogonium). Tlie protoplasm tlien 
breaks up into two or more parts, D, e , e 
(oospberee), whicli quickly become spherical, 
and after poeslble fertilisation by the antheridia 
a, a, penetrating into the oogonium by their 
beaks, &, b, as seen in d, secrete a cell-wail k, 
and become oospores. After Sachs. 
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ceases of reproduction. It includes all the cases of the fusion of 
^metes already described. The cells t^ing part in the fusion 
are at the time naked cells, consisingof protoplasm and nucleus. 
They may be similar or dissimilar in size, may be set free from 
the cells in which they were formed, as in the case of the ciliated 
gametes of TJlothrix {fig. 609) or the spermatozoids of the higher 
Cryptogam^p, or may leave their parent cell only to pass into 
that of another gamete, as in Sjpirogyra {jig. 486) and possibly in 


Fio. 668. 



Fig. 668. Small-oelled meriatem at ai)ex of root of Plianerogam. 


Adilya {fig. 667), or may remain always in the cell in which they 
are developed, as is glherally the case with oospheres. When the 
fuston takes place, protoplasm unites with protoplasm, nucleus 
with nucleus, Act, and a new cell results which clothes itself 
with a cell-wall, and becdhics a new individual. The process 
of fusion of dissimilar cells is generally called fertiUsation \ 
that of union of similar cells is known as conjugation. The 
new cell formed by the fusion is a zygote ; in the first case it 
is Bometimas called an oosjpore^ in the second, a zygospore. 
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The Tissues, 

By one or other of the vegetative methods of cell-production 
described, the original unicellular plant becomes a multicellular 
body, and its ultimate form may be that of a row of cells form- 
ing a filament, or a flat plate, one or a few cells thick, or, again, 
a mass of cells of very variable size and shape. We have seen 
that in such a mass different cells or aggregations of cells are 
specially set apart to discharge particular duties. Such collec- 
tions of cells are called tissues. We specdc of the tissues of 
nutrition, the protective tissues, and so on. The cells which 
compose such a tissue commonly resemble each other more 
closely than they do other cells, and are said to obey a common 
law of growth. They originate generally by division of either 
a single cell, or of the cells of a well-defined group or meristem^ 
so that they are held to have a common origin. Only such 
collections of cells as fulfil these conditions are considered true 
tissues. 

Merismatic Tissue, or Meristem. — In the development of 
the vegetative body of the plant, the new cells are produced by 
cell -division. In some cases every cell as it is produced possesses 
and retains the power of division, so that the plant can increase 
throughout its whole length. This is commonly the case with 
filamentous plants such as Spirogyra, In most cases, however, 
the power of cell- division speedily becomes localised at certain 
parts of the plant body, which then carry out all further increase 
in length. Such points arc called growing points : they are 
generally terminal, and the cells of which they are composed, 
which have the power of cell- division, are called memwu fie cells. 
The individual cells do not long retain this power, but after a 
period of growth acquire various forms, and subsequently change 
but little during life, permanent tissue. Finally they 

lose their protoplasm, and are no longer living. 

There are two chief types of growing point which are found 
at the apices of the axis of the plant. In both, multiplication of 
cells leads to a continued forward advance *bf the apex, and the 
youngest ceUs are in the firont of the mass, so that the grovt^g 
point is nearly always more or less conical ; two main lines of 
division of the cells can be seen, one parallel to the surfaee of 
the apex, or periclmal ; the other at right angles to it, or anti- 
clinal, The merismatic tissue is not of very great extent, and 
behind it the cells can be observed to be growing or increasing 
in size, and gradually changing into permanent tissue. 
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In the first type the cells which are thus dividing are all 
alike in appearance, and form a well-defined group which gradu^ 
^y becomes differentiated, as the cells get older, into various 
forms characteristic of different regions of the axis {figs, 608 
and 670). This small-celled meristem is always found in 
Phanerogams and in some Cryptogams. 


Fig. 669. 



Fig, 669. Orowing point of utem of Fqui- 
Mum. a. Apical cell. h. c, SegmeutB 

cut off from it. Fig. 670. Growing 

point of Btem of Flodea. a. Apical 
mcristcni. After Kny,-- - Fig. 671. 
(Trowing point of J*dvetia, a. Apical 
cell. After Kny. 

The other type is marked by 
the presence at the apex of a 
single large, generally pyramidal, 
cell, the base of the pyramid 
being external (fig, 660). From 
this, successive segments are cut 
off parallel to each side in turn, 
the apical cell growing to its 
original size after each division. 
In stems there ^is no segment 
cut off from the external face, but 
this takes place in roots, so that 
the fipical cell is never exposed 
in the latter case (fig, 769) . The 
segments when cut off usually 


Fi(i. 670. 



Fig. 671. 



divide periclinally each into 


two ; further divisions of each of the latter give rise to the mass of 
the tissue. Such a growing point may be conical or depressed, ac- 
cording to the amount of growth taking place in the inner or outer 
segments and the cells which arise from them (figs, 669 and 671). 
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This form of primary meristem, in which an apical cell is so 
prominent a feature, is chiefly characteristic of Cryptogams. 

An intermediate form is met with in some of the Vascular 
Cryptogams in which a group of initial cells, frequently four in 
number, replaces the apical cell. 

Besides those apical meristems, similar tissue occurs in 
other parts of the mass of the plant. These collections arc chiefly 
connected with .growth of the axis in thickness rather tlian in 
length, and will be treated of later in detail. The cells are either 
much like those of the small-celled meristem or are longer 
than broad. They exist in sheets or bands, usually one cell 
thick. They include the cambium and phcUogens of stems and 
roots. 

When cells arc formed by cell-division in a growing point, the 
new cell-wall arises at right angles to the walls with which its 
edges are in contact. Hence at their first formation all such 
cells are cubical or nearly so. By growth in various direc- 
tions, mutual pressure, &c., they change their shape and relative 
dimensions, giving rise to collections having very different 
appearances. 

The cell-wall, at first thin and composed iiuunly of cellulose, 
thickens as abeady described, and becomes chemically altered, 
giving rise to still more complicated structures. 

In the early changes that take place as permanent tissue is 
replacing meristem, the close contact of the cells becomes 
continually interrupted. During the changes of tension that 
occur in a growing mass of cells, cracks or fissures arise in the 
substance of the cell membranes, generally at the angles, and 
BO small intercellular spaces are foniied. The several spacjes in 
a tissue extend till they communicate, and a system of inter- 
cellular channels is formed which extends throughout the plant, 
and contains air. The intercellular space system so formed is 
very prominent in certain parts, especially in leaves and in the 
stems of aquatic plants (fig, 749). 

The changes that take place in the competition pf the ceU- 
wall usually affect the primary septum obetween the cells in a 
different way from the successive tliickening layers. The origi- 
nal wall, though altered in many important respects, can gene- 
rally be distinguished in the thickened wall of stratified cells, 
when it is known as the middle lamella (fig, 677, m). 

Parenchyma. — A collection of cells, the individuals of which 
remain more or less of equal diameter in all directions, is known 
as ^parenchyma. The cells may remain with thin walls, or the 
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latter may be thickened equally or unequally, giving rise to 
various modifications, of which the following are the more 
ifliportant : — 

a. Roimd or Oval Parenchyma (fig, 672). — This is forijjed 
of rounded or more or less oval cells, with small spaces between 
them. It is most prominent in succulent plants. It is connected 
by various transitional fonns with — 

h. Stellate Parenchyma, which consists of stellate cells 
(figff, 620 and 678), or cells with an irregular outline produced 
by projecting rays, and in contact only by the extremities of such 
rays, so as to leave large irregular spaces between them. 


Fici. 673. 



Fio. 675. 



/-'jf/. 072. }{ouii(l or ovttl parcucbyaia. In two of tla* orlls a iiuclfUK with 

II iiuckoliw limy be feeii. h'w. 078. St4*llate jmrencliyuiH, couiiiom’iI 

of t?tellate cella with thrtx?-ooriiered intercellular space^.- - /’’o/. 674. 
Murlforin ptH-encliyma.- — Fig. 676. Transvensc sectioii of the jietiole 
of a Hpeciea of liegonin. e. Kpiderniis with cuticle above and hypodenua 
Imlow, the latter formed of eolleiichyniatoiis cellfl rf, r/, with thickeuerl 
liiiules, r, v. chi. Ohlorophyll jfi'aiiules. p. General paroneliyina, below 
h.\ poderma. A f ter Siudm. 


c. Regular or Polyhedral Parenchyma. — This is formed of 
polyhedral cells, the faces of which are fretiiiently nearly eipial, 
and so combine^ as to leave very small interspaces. It is 
commonly found in the pith of plants. 

(I. Elongated ParenShyma. — This is composed of cells elon- 
gated in a longitudinal direction so as to become cylindrical. It 
occurs frequently in the stems of Monocotyledonous plants. 

e. Tabular Parenchyma? — This consists of tabular, closely 
adherent cells. It is found in the epidermis and other peri- 
pheral parts of plants (fig, G75, e), A variety of this kind of 
parenchyma is called muriform, because the cells of which it is 
composed resemble in their form and arrangement the courses 
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of bricks in a wall (fig, 674); this variety occurs in the 
medullary rays of the stems of Dicotyledons and in corky 
formations. 

Such are the commoner vaadeties of parenchyma, all of 
which are connected in various ways by transitional forms ; but 
other special kinds also occur. In the tissue which lies below 
the epidermis of plants, and which has been termed the 
hypodemia^ we sometimes find the parenchyma composed of 
cells which arc especially thickened at their angles but never 
become lignified (fig. 675, e/, cl). This kind of parenchyma is 
called coUenchyma. Another variety of the same kind is termed 
sclerenchyma: it consists of cells which have become much 


Fio. 676. Fia. 677. Fig. 678. Fig. 679. Fig. 680. Fig. 681. 



Fiff. r>76. Proseiichymatous wik)» 1 cellft. Fiff. 677. Tranaverso aootion of 

proseuohymatons oella, allowing the thickneas of their wall?, m. Middle 

lamella. Ftf/. 678. Prosenchymatoua collij in combination. Fi(j. 679. 

Upper end of a bast fibre.— 680. Brancheil fibre. After Schlelden. 

Fig. 681. Trauttverae section of fibres, showing thetlooknessof their walls. 

hai'dened by thickening layers and lignified, as in the stems 
of Palms. The cells of collenohyma and gclerenchyma arc 
sometimes prosenchymatous. 

In some of the lower orders of plantS there is a peculiar kind 
of tissue present, to which the names of Tela contexts and 
interlacing fihrilliform tissue have been given. It occurs 
chiefly in the Fungi (fig. 628), an<f consists of very long thread- 
like cells, or strings of cells, simple or branched, with either 
thin, soft, readily destructible walls, or dry and firm ones, the 
whole inextricably interwoven or entangled with each other so 
as to form a loose fibrilliforra tissue. This tissue, which is now 
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usually known under the name of hyphce or hyphal tisaiiey con- 
4itutes, as a general rule, the vegetative portion of all Fungi. In 
the larger Fungi the same tissue forms a more compact structure 
at certain parts, particularly on their surface, where it is arranged 
as a kind of skin, and in the stalks, which are frequently of 
some thickness. It then constitutes what is termed pseudo- 
2 )arenchyma. 

Prosenohyma. - Besides these collections of isodiametric 
cells we find others whose length greatly exceeds their other 
diameters. The> ai‘e usually pointed in shape, their ends over- 
lapping, or extending in between the ends of their immediate 
neighbour^. These collections constitute what is known as 
prosencJiyma, As in the case of pai’enchyma the walls of the 
colls, or fibres^ are sometimes lignified, pitted, &c. Prosenchyma 
is largely present in woody tissues ; it is not, however, confined 
to them, but may be found as isolated stmnds occupying various 
positions in the plant body. In some forms the fibres are 
branched {fig. 680), The cells of collenchyma and sclerenchyma 
are frequently fibrous. 

The secondary wood of the Conifer cb (fig, 688) is entirely 
composed of prosenchymatous tissue, the constituent cells of 
which, fibrous in form, are known as 
traoheids. They are marked by the Fra. 683. 


peculiar bordered pits already described. 
These may be regarded as intermediate 
between prosenchyma and the vascular 
tissue described below. 

Vascular Tissue. — A further modifica- 
tion of the arrangement of cells is found 
in plants, constituting what is known as 
vascula/r tissue. The cells of this tissue 
are frequently fused together, the end 
walls between them becoming absorbed to 
a greater or less extent. A row of cells 
whose separating walls have thus dis- 
appeared is known as a vessel. Vascular 
tissue includes two forms, tracheal tissue 
and sieve tissue. ^ 

Tracheal Tissue, — This is usually com- 
posed of lignified cells which are placed 
end to end, forming columns, and which 



Fig. 682. Beaded pitted ves- 
sel. Fig. 683. Pitted 

trachdd terminating ob- 
liquely, and shoAving 
tlmt the partition wall 
has been incompletely 
absorbed. 


have lost their protoplasm. They are pitted in the various 


manners already described, fonning spiral, annhlar, scalariform, 
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or reticulated vessels {fig* 682). When the end walls are com- 
pletely absorbed they form true vessels or tracli^ce. The 
absorption is not always complete ; indeed, in some cases 
columns of such thickened cells are found where the end walls 
persist, and are thickened in the same way as the lateral ones 
{fig. 686). The individual cells are then known as trachcids, 
Tracheids occur in other forms than as the cells of a column ; 
in certain orchids they constitute a somewhat parenchimatous- 
looking tissue in the sheath of the aerial roots. They are always 
lignified and usually pitted. There is no very sharp distinction 
between a fibre and a tracheid when the latter does not appear 
as a segment of a vessel. The peculiar fibres with boydercd pits, 
occurring in the secondary wood of the Coyiifera;^ arc generally 
included under this term. 


Fig. C84. Fig. G85. Fig. C8G. Fig. G87. 



Fl<f. GS4. Simple spiral vessels. Fig. 086. Compound spiral vessel. 

thg. 086. BranoUod spiral vessel. Fig. 087. Unioii of spiral vessels in 

ail oblique manner. 


The chief forms of tracheal tissue, whether composed of 
tracheids or true vessels, may now be separately considered. 

a* Pitted or Dotted Vessels. — A pitted vessel is formed from 
a row of cylindrical pitted cells placed end to end {fig. 682), 
by the absorption of the separating walls. Its mode of origin is 
clearly shown in many instances by the constrictions which its 
sides exhibit at various interv als {fig. 682) ; for these constric- 
tions evidently correspond to the ppints where the component 
cells came in contact. 

It sometimes happens that when a pitted or other vessel has 
lost its fluid contents, the neighbouring parenchymatous cells 
protrude through the pores which exist in its wall, and then 
multiply in its "interior by division, foiming a cellular mass 
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which may completely fill it; to this intra- cellular tissue the 
l!ame of t alien or thy loses has been given. It may be well 
observed in the wood of the Oak, in that of Bobvnia Fseud- 
acacia^ in Periploca^ and in the stem of Cucumis sativus. 

b. Spiral Vessels. — This name is applied to vessels with 
tapering extremities, having the thickening matter of its walls 
disposed as either one continuous spiral fibril running internally 
round it from end to end, as is commonly the case {fig. 684), or 
two or more fibrils [fig. 685) running parallel to one another. 
Such vessels are often met with in the stem of the Banana and 
other allied plants, in the young shoots of the Asparagus, and in 
the Pitcher Plant. The fibril contained within the spiral vessel 


Fio. 688. 


Fia. 689. Fig. 690. Fig. 691. 




Fig. 088. Piece of an annular vetwel from Zea May*, 
h. The thin cell-wall ; r, the annular thickening of 
the cell-wall ; vertical section of one of the rings, 
•showing Vt the inner substance, and the denser 
layer over the inner side of the ring projecting into 

the cavity of the cell. After Sachs. Figs. 089, 

690. Aimnlar vessela. Fig. 691. Vessel showing u 

combination of rings and spiral fibres. 


is generally so elastic as to admit of being detached from the 
wall and uncoiled when the vessel is pulled asunder. This 
appearance may be commonly seen by the naked eye by partially 
breaking the young shoots, flower-stalks, or leaf-stalks of almost 
any plant, or the leaygs of the Hyacinth, Banana, and others, 
and, gently pulling asunder the two ends, when the uncoiled 
fibrils appear like a fine cobweb. In most cases the coils of 
the fibrils are close togetlwr, so that the enclosing membrane 
cannot be obsersxd between them ; but in other instances they 
are more or less separated d)y portions of membrane {fig. 686). 

Spiral vessels occur in the earliest differentiated portions of 
the wood of vascular bundles. In size they vary from to 
3 Ait of an inch in diameter. The average size is about inch. 
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c. Annular Vessels.— In these vessels the thickening matter 
is arranged in the form of rings more or less regularly disposed 
upon their inner surface (figs, 688, r ; 689, and 690). Some- 
times the whole of the vessel presents this ringed appearance 
{figs. 689 and 690), while in other vessels we find two rings 
connected by on6 or more turns of a spiral, the two forms 
irregularly alternating with each other {fig, 691), In size they 
vary from about to of an inch in diameter. Annular 
vessels occur especially in the fibro-vascular bundles of the stems 
of soft, rapidly growing herbaceous plants. 

d. Keticulated Vessels. — In these vessels the convolutions 
ore more or less in*egular, and connected in various ways by 


Fig. G92. Fig. 693. Fig. 694. 



Fig. 692. Retlcalatod vessel. Fig. 693. Prismatic acalariform vesselB of 

a Fern. F\g. 694. Oylindiioal scalariform vessels of the Vine. 


cross or 'oblique bands, so as to produce a branched or netted 
appearance {fig. 692). 

e. Scalariform Vessels. — ^The peculiar appearance of these 
vessels is owing to their walls being marked by elongated trans- 
verse pits or lines, arranged over one another like the steps of 
a ladder, whence their name {figs, 698 and 694). Theyt are 
sometimes cylindrical tubes like the other vessels, as in the 
Vine {fig. 694), and in many otbar Dicotyledons, in which 
condition they resemble modifications of reticulated vessels; 
but in their more perfect state, scalariform vessels assume a 
prismatic form, as in Ferns {fig. 698). 

The scalariform markings are often caused in the same way 
as those of bordered pits, the thin places, instead of being small 
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and circular, being broad and extending quite across the side of 
iho cell. 

The ammular^ reticulated^ and acalariform vessels have 
commonly tapering points like the spiral vessels, and thus over- 
lap at their extremities when they come in contact (fig, 698). 
But in other instances they terminate more or less obliquely, or 
by flattened ends, like most pitted vessels. 

Sieve Tissue . — This is generally associated with some form 
of tracheal tissue in certain strands of tissue known as vascular 
bundles. It occasionally exists as isolated columns in the pith 
or cortex of stems. In young roots it is found in independent 


Fia. 695. 
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the two segments communicate. The protoplasm of the sieve 
tube is considerably changed, being, with the exception of a lining* 
layer, transformed into a slimy material which is especially 
conspicuous in the neighbourhood of the sieve plate. The adult 
tube contains no nucleus. 

The companion cells are so called because they are cut off 
from the sieve-tube segments at the time of their first appearance. 
They are smaller in diameter than the tube itself, and contain 
protoplasm and nuclei (fy. 695, e). 

In the Angiospenns the sieve plates at the end of summer 
become blocked up by an addition to the callus, and remain 


Fio. 696. 

U A B 



Ftff. 696. Sieye tubes of Rhamnus punhiam. a, b. Middle portion of a tube, 
sliowiui;; section of sieve plates, s.p. c. Callus deposit on a sieve ])Iato. 
c. Termination of a sieve tube, with sieve plates, s.p., on the lateral 
M’alls. X 320. 

closed during the winter, communication being re-established in 
the spring. 

Sieve plates often occur upon the lateral as well as the end 
walls of the segments (Jig. G96). In Forn^ they are confined to 
the former position, and are very numerous in each tube. 

In all plants lower in the scale than the Angiosperms, sieve 
tissue contains no companion cells. 

Tissue much like sieve tissue occurs in certain regions of 
the thallus of one of the brown seaweeds (Macrocystis). In 
some others of the Laminarias similar structures are foxmd, 
which are called trmnpet hyphee. It is, however, doubtful if 
their segments communicate. 
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The three forms of tissue so far described, viz. parenchyma, 
•prosenchyma, and vascular tissue, combined in various ways’, 
constitute the greater part of the plant body. Besides these, 
other forms are found in certain cases, having, however, a much 
more limited distribution. We may here briefly describe the 
most important of these. 

Laiiciferous Tinsue , — Of this, two types occur. In the 
Euphorbias, and some plants belonging to the Apocy'tiaceiP and 
Anrlfipiadacece^ long, iiuich-branched cells occur irregularly dis- 
tributed throughout the plant (/ig, 698). They have often thick 
walls, and are filled with a curious milky-looking fluid known as 

Fia. 697. Fi«. 698. 




Fif/. C97. Laticlferoue vessels (cell fusions) in Scorxon^rn root, x 260. 

Fig. G98. Part of laticiferoiis cell from stem of Knphorhia tplmdeus. x 260. 

latex, which has given them the name of leiticiferous cells. In 
the Compoaitce, Pa2)aperaceee,i\ndioihor Natural Orders, ramify- 
ing tubular structures are found, much like the former, but com- 
posed of rows of thin-walled parenchymatous cells, the partition- 
walls of which have been absorbed. These, from their containing 
a similar milky-looking or watery latex, are known as laUciferous 
vessels (fig, 697). Laticiferous vessels generally form an anasto- 
mosing network. 

A modification of this tissue is found in some monocotyle- 
donons plants, forming what are known as utricular vessels. 
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These resemble laticiferous vessels in one particular, as they 
contain latex, in which are generally true raphides ; on the othea 


Fig. 699. 



Fi{j. G99. Development of lyslgenoua gland In stem of Hyperitvim, 
The four figures represent sucoesalve stages, x 260. 


Fig. 700. 


hand, they are unbranched and somewhat resemble sieve tubes, 
consisting as they do of long, broad cells with sieve-like septa. 

They were first noticed by Hanstein 
in the scales of the bulb of 
Allium, 

Glandular Tissue , — This has a 
much more limited distribution than 
the laticiferous tissue. It consists 
of single cells or of masses of 
cells of various shapes, sometimes 
long columns, sometimes ovoid or 
rounded collections. Jhe cells which 
compose these masses are distin- 
guished by their power of forming 
peculiar, generally aromatic, sub- 
stsmees, which either remain stored 
in the cells or are passed out into 
intercellular spaces or cavities or to 
the exterior. 

The cells are usually parenchymatous and filled with very 
granular protoplasm. The collections of such cells are commonly 



Fig, 700. Bchi»ogenou8 resln- 
duot in the young stem of the 
Ivy {Hedera Mis)f .tninByerBe 
flection ( X 400), V An early ; 
E, a later, stage, g. The resln- 
duoU. 
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called glands, a name which is also applied to the cavities con- 
taining secretions, though the cells which formed them may 
*have disappeared. 

The glandular tissue may be a solid mass of cells, as in 
the nectaries of such flowers as Fritillaria; it may form a 
passage or cavity, lined with cells and containing the secretion, 
as in the resin canals of Pinue and other Coniferce^ or in the 
globular receptacles for essential oil in the leaves of the Rue, the 
rind of the Orange, &c. 

The cavities ma^ originate in two ways. In a transverse 
section of a very young stem or leaf of PinuSf or a stem of Eedera 
(fig, 700, a), there may be noticed here and there p somewhat 
conspicuous cell, which divides by walls at right angles to each 
other, usually into four. These cells are found in longitudinal 
sections to form columns which are frequently of some length. 
A transverse Section of a little older stem shows in each position 
a small group of cells which separate from each other, so as 
to leave a passage in the centre. Longitudinal sections at this 
stage show that this passage or channel extends the whole 
length of the column ; by continued separation and multiplica- 
tion of the number of the cells surrounding the channel, a duct 
is formed which is lined by a delicate layer that secretes the 
resinous matter, and pours it out into the passage. In some 
cases the secretion is formed in the internal walls, in others 
in the interior “of the cells. This mode of origin is called 
ftcliizogenouB, 

In the case of the oil-glands of the Rue, Orange, &c., a small 
solid group or column of cells is formed from a single cell or a 
vertical row of cells, by repeated division. The protoplasm of 
these becomes charged with drops of the secretion, and the cell- 
walls in the centre of the mass degenerate and break down, leav- 
ing a cavity filled with the secretion and with the remains of the 
cytoplasm of the disintegrated cells. J^ometimes a peripheral 
layer does not disappear, so that the cavity remains lined with 
secreting cells. This mode of origin is termed lysigenou^ 
(fig, 699). 

• Occasionally both these methods may be met with in the 
formation of a gland. 

Besides these forms of glandular tissue isolated cells or single 
rows of cells containing secretions are not uncommon. They 
may contain tannin, mucilage, or other products. They are 
generally parenchymatous and thin-woUed. 
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CHAPTER HI. 

TISSUK SYSTEMS. 

The combination of cells into tissues which we liave now 
examined is an indication that in a cell mass such as con- 
stitutes the body of most plants there exists a division of 
labour; that instead of each cell practically living for itself 
alone, as is the case in the simplest forms, each takes a 
definite share in the common life-work of the whole organism. 
This division of labour is the explanation of the differentiation 
of the structure which we have seen, the forms and arrangement 
of the cells being such as enable them to discharge their special 
functions most advantageously. Generally in the sporophyte of 
the Phanerogams and Vascular Cryptogams three main systems 
of tissue can be distinguished, each of which, though possessing 
broadly characteristic features of its own, may include more 
than one form of the tissues that have been described. These 
are epidermal or ielJ^lmentarlp(i\l\f^i^y protective in character; 
i\ie fihro-vanciila^, which is mainly concerned in the conduction 
of fluids through the plant body ; and the (j round ox fundamental y 
which is limited externally by the epidermal, and through which 
the fibro-vascular bundles pass. It is concerned principally 
with the metabolic work of the plant, and to a less degree with 
its mechanical support. None of these is exclusively the scat 
of the function assigned to it as its chief work. For instance, in 
most of the higher plants the epidermis is comparatively short- 
lived in many parts, and the work of protection is then taken up 
by particular tissues belonging to the fundamental tissue ; the 
latter also often includes certain forms of conducting tissue. • In 
the gametophytes of these and of the lower plants the differen- 
tiation into these three systems is neft nearly so complete. In 
most only the epidermal and ground tissues are represented ; 
in some only the latter. In some of the Mosses there is a central 
strand which though not truly vascular tissue is an indication 
of it. 
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In a growing point of the sporophytes mentioned above, whose 
structure has been described, indications of these three systems 
0an be seen. In fig, 701 we have a representation of such a 
growing point. The outer layer of cells is seen to be continuous 
over the surface ; it forms 
the dermatoyen^ which when 
adult becomes known as the 
epidermis. Centrally there 
is a mass of cells which show 
a general tendency to become 
longer than broad. This is 
known as ihe plcrome ; it de- 
velops generally into a bulky 
strand or cylinder of tissue 
known as the stele^ in which 
well-defined collections of 
cells known as vascular 
handles originate. Between 
tbe two there is a cylinder of 
tissue known as ihQpcnhlem^ 
which consists oi ground or 
fundamental tissue, and be- 
comes the cortcjc. In some 
growing points with small- 
celled meristems these three 
systems can be seen to origi- 
nate in different layers of the meristem. In others the differen- 
tiation cannot be traced so far in the direction of the apex. In 
further development the stele is usually found to contain a 
certain amount of ground tissue besides the vascular bundles. 
We may therefore distinguish between stelar nud extra-stelar 
ground tissue, the latter alone arising from the pcriblem, and 
constituting the cortex. 

The Epidermal Tissue System. 

The body of nearty all plants which consist of a mass of 
cells is covered by a thin membrane composed of a sheet of 
cells. In tlie shoots of the higher plants this is derived from 
the entire dermatogen, and is known as the epidermis. It is 
usually only one cell thick. In the roots the dermatogen gives 
rise at the apex to many layers of cells, forming the root-cap. 
In most Dicotyledons the innermost of these layers can be 
traced backwards over the surface, and bears the root-hairs. 


Fig. 701 . 

d pe pi 



Fig. 7lU. Ci rowing point of tbo stom of a 
Dicotyledon. After Doiiliot. d. Donnato- 
gen. p*'. Periblcni. pi. Plerome. 1. Young 
leaf. The dark lines are exaggerated to 
indicate tlie limits of the plerome, iieri- 
blem, and dermatogen. 
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being known as the piUferom layer. In the roots of Mono- 
cotyledons and Cryptogams the true epidermis only persists 
at the apex, forming as before a 
many-layered root-cap. The rest of 
the root bears a piliferous layer, but it 
is in these cases the external layer of 
the periblem. The external layer of 
roots is consequently not a true epider- 
mis ; it is generally termed the epihlema. 

The cells of the dermatogen are 
somewhat oblong when seen in section, 
and are usually rich in protoplasm. 
As they grow older the walls become 
thickened, especially on the outer sur- 
face {fly. 702). Viewed from the surface 
they present a great variety of outline. 
The thickened walls become cuticu- 
larised to a variable extent, par- 
ticularly their outer layers. In very 
thick- walled cells these outer cuticu- 
larised layers can often be stripped off, 
forming a sort of detachable structure- 
less membrane, termed the cuticle (fig* 706), As the cells 
become adult they lose a great deal of their protoplasmic contents, 


Fig. 703. Fio. 704. 



Fig. 703. Vertical section tlirough the leaf of a UatUcsia. a, a. Epidermis^ 
c. Spongiform parenchyma, b. Hairs which are contained In little de- 
pressions on the under aurfaoe of the Iraf, and at whose base peonliar 

stomata are found. After Schleideu. J^g. 704. Epidermal tissue from 

the leaf of the Iris (Iris germaniea). p. Outiole. i, «, s. Oval stomata, 
e, e. Epidermal cells. After Jussieu. 

and are filled with little more than water, The outer layers of 
the euticlo are often impregnated with wax, which sometimes is 


Fio. 702. 



Ftg. 702. Trausverne section of 
the petiole of a speoles of 
Hegonia. e. Epidennis with 
cuticle above and liypoderma 
below, the latter formed of 
collenchymatous cells d, 
with thickened angles c, v. 
chi. Chloropliyll grannies. 2 ^. 
General parenchyma, below 
hypoderma. Alter Sachs. 
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fto great in quantity that a coating of waxy particles is found 
to be deposited on the exterior. 

* The cells of the epidermis in the lower plants and in some 
aquatic members of the Phanerogams contain chloroplastids, 
but as a general rule these are absent from them. The epidermis 
of aquatic plants does not become cuticularised. 

Though usually only one cell thick, there are many cases 
where the epidermis consists of several layers. In the leaves of 
certain plants, such as Ficm {fig, 642), there are two or three 
layers. In the root- cap {fig, 16S) we have several layers ; in 
various aerial roots, such as those of epiphytic Orchids, there 
is a special epiblema consisting of many layers of cells which 
have curiously pitted walls and no cell -contents. 


Fio. 705. Fig. 706. 



Fig. 706. SinuonH epidermis with stomata, from the garden Balsam. 

Ftg. 706. Vertical section of the epidermis of Ilopa carnwa treated with 
caustic potash, n. The detached cuticle. 6. The partially cuticularised 
layers of the outer walls of the epidermal cells. After Vou Mold. 

The cells of the epidermis are, with certain exceptions, in 
close contact with each other, forming a continuous covering to 
the plant without any intercellular spaces. This continuous 
coating is, however, interrupted at the apex of shoots whose 
growing point is marked by the presence^of an apical cell {fig. 707), 
the latter always extending to the surface. In some shoots, 
as in the thallus of Pelvetia, one of the FucaceWy the growing 
point is depressed, in consequence of the growth of the lateral 
segments of the apical cell {fig. 708). 

The epidermis of the shoot in all the higher sporophytes 
possesses a number of apertures, produced by the splitting of 
the common wall of two contiguous cells, known as guard-cells, 
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immediately over a conspicuous intercellular space of the sub- 
ja.cent region. These apertures, known as stomata, may be 
regarded as the means of commimication between the inter- 
cellular space system and the outer air (figs. 709, s, and 710, s). 


Fia. 707 . Fig. 708 . 



Fig, 707. Orowinu point of shoot of EquUf>(um arvmse. x 260. a. Apical 

cell. 6, f. Succeasire segments out oflP from it. Fig. 708. Growing 

point of the thallas of Pelpetia, a. Apical cell, x 260. After Kny. 


They originate by the vertical division of a mother- cell into two. 
The partition between the latter thickens slightly, and splits so 
as to form an opening between them, 


Fig. 709 . 



Fig. 709. Vertical section 
of a portion of the epi- 
dermis of a leaf, show- 
ing a stoma slightly 
depressed, s. The stoma. 
<*, r. Epidermis, p. 
T>arenchyma beneath 
the epidermis. 1. In- 
tercellular space into 
which the ^ stoma 
opens. 


leaving them still attached to each other 
by their ends. The split constitutes the 
stoma, and the two cells are the guard- 
cells. They are commonly of a more or 
less semilunar form, and contain some 
chlorophyll grains ; when they are full of 
water their form causes them to become 
cur^^ed, so that the orifice is widely open ; 
when they lose their water they relax 
and their edges come into contact, 
closing it. ^ 

Upon making a vertical section through 
a stoma we usually find that the guard- 


cells are placed nearly or quite on a level 
with the rest of the epidermis. In some oases, however, and 
especially when situated upon leaves of a leathery or hardened 
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texture, the stomatal cells are depressed below the others ; in 
some rare instances, again, they are elevated above them. 

The stomata vary in form and position in different plants, 
and in different parts of the same plant, but they are always 
the same in any particular part of a plant. They are usually 
placed singty upon the epidermis, at regular (fig, 704) or 
irregular intervals. In Banksia and some other plants we find 
little cavities in the under surface of the leaves which contain a 
number of hairs (fig. 708, 5), and between the latter very small 
stomata. 

The distribution of stomata over the surface of the sporophyte 
varies very much. They are found especially upon leaves, more 
particularly on the under surface. On the floating leaves of 


Fig. 710. 



Ftg. 710. In these figures tlie development of the stoma of Hyacinthus 
orietitalis la represeutod from the first diviaion of the mother-cell in a into 
two daughter-cells, to tlie complete separation sliown in d. Paren- 

chyma of the leaf, e, e. Epidermis cells, s. Stoma, i. Air-cavity. After 
Sacha. 


aquatic plants, such as the Water-lily, however, we find them only 
on the upper surface ; while in succulent leaves and such as are 
placed vertically the stomata are equally distributed on the two 
surfaces. They occur also on the young green stems and branches 
of plants, and on parts of the flower. In those plants which have 
no foliage leaves, e.g. the Cactacec^, they abound upon the green 
succulent stems. They are absent, as a rule, from roots and all 
submersed parts of plants. 

The number of stomata varies considerably. The following 
table will give some idea of their abundance in leaves, and it will 
be observed that the number of stomata is usually greatest 
in those leaves from whose upper surface they are entirely 
absent. 

y2 
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Stomata in one Square Inch of Surface. 

Upper sarface Lower surfac e 

Mezoreon . 


none 

4,000 

Pffiony 


none 

18,790 

Vine , 


none 

13,600 

Olive . 


none 

57,600 

HoUy 


none 

68,600 

Laurustinus 


none 

90,000 

Cherry -laurel 


none 

90,000 

Lilac . 


none 

160,000 

Hydrangea 


none 

160,000 

Mistletoe . 


200 

200 

Tradescantia 


2,000 

2,000 

House Leek 


10,710 

6,000 

Garden Flag 


11,572 

11,572 

Aloe . 


25,000 

20,000 

Yucca 


40,000 

40,000 

Clove Pink 


88,500 

38,500 


Though the guard-cells of stomata can usually vary the size 
of the opening, or altogether close it, according to circumstances, 
this is not universally the case. In some plants large stomata 
occur whose guard- cells cannot change their form so as to do 
this. These, which are known as water-stomata or water-pores, 
are chiefly concerned in the excretion of water, the ordinary 
form being adapted to regulate the escape of watery vajiour only. 

The cells of the epidermis are often prolonged outwards in 
the form of hairs or trichomes. They are borne upon both 
sporophytes and gametophytes. The simplest ones are formed 
by the outgrowth of single cells of the general surface, which 
take the fonn of papillae or projections, making the surface 
rough or velvety, as that of the stigmas of many flowers. The 
root-hairs are long outgrowths of this kind, arising from the 
root (fig. 711). Generally, instead of remaining single, the 
originating cell, or mother-cell, divides in various ways. Tho part, 
usually a single cell, which is embedded tunong the epidermal 
cells is then called the /oof, while* the free part which extends 
outwards forms the body of the hair. We frequently find a 
multicellular hair of this kind consisting of a chain of cells. 
Often the first free cell cut ofif from the mother-cell branches 
copiously, the branches sometimes growing horizontally, 
sometimes vertically. Hairs of various forms are thus pro- 
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duced, among which may be mentioned the stellate hairs of the 
Iw, of Deutzia scahra, and the peltate hairs of many plants. ’ 
Tnc body of a stellate hair may be unicellular or multicellular. 

Larger hairs frequently arise from small groups of epidermal 
cells. These also present the form of a foot and a body. 

Scales are modifications of stellate hairs. They may be 
defined as flattened, membranous, more or less rounded plates, 
attached by the centre to the epidennis, and presenting a more 
or less irregular margin from the unequal prolongation of the 
component cells. These scales are particularly abundant on the 
surface of some plants, such as Elceagnus, to 
which they comumnicate a scurfy or silvery 711 . 

appearance. 

Other modifications of hairs which are 
allied to scales arc the r amenta or ramen- 
taceous hairs so frequently found upon the 
stems and petioles of Ferns. These consist 
of a single layer of cells which form a brown- 
ish flattened scale attached by its base to the 
surface of the epidermis from which it grows. 

Hairs must be distinguished from prickles, 
warts, &c., which arise from the sub-epidermal 
tissue well as the epidermis, and which 
have been termed emergences. These, again, 
should be carefully distinguished from tlioms^ 
which we have seen to be abortive branches. 

The ordinary hairs described above may 711, Root-hairs 
1 , i • rt • 1 # tl'C burfnoc of a 

be empty, or they may contain flmd of a joungroot. 

watery nature, either colourless or coloured. 

Hairs occur upon various parts of plants ; their more 
common position is upon the leaves, stems, and young branches, 
but they may also be found on the flower- stalks, bracts, parts of 
the flower, the fruit, and the seed. A remarkable form occurs 
on young roots, where cells of the epidennis produce long tubular 
outgrowths which become very closely applied to the particles 
of soil. These are termed rooi-hairs {jig. 711). The hairs 
which* occur on the parts of the flower frequently play an in- 
direct part in the process of fertilisation by collecting the pollen 
which falls from the anthers ; hence such are termed collecting 
hairs. The collecting hairs which occur on the style of the 
species of Campanula are peculiar from their upper end retract- 
ing within their lower at the period of pollination. 

Besides the forms of glandular tissue already described, 




826 


MANUAL OF BOTANY 


certain secretions are formed in peculiar hairs. These may 
arise from a single cell of the epidermis or from several. In 
some cases the secretion is formed inside one or more cells ; ^n 
others it is due to a degeneration of the cell-wall, and then accu- 
mulates under the cuticle of the terminal cell or cells {figs. 712 
and 718). These glandular hairs or external glands may be 
sessile or stalked. If sessile they present various appearances, 


^ Fio. 712. 


Fio. 714. 



Fig 712. Glandular hairs from Primula mimm. a. Young hair. b. Hair 
showing secretion formed in the cell-wall of the terminal cell. c. Hair 

after discharge of tlie secretion. Fig. 718. Glandular hairs from Hop. 

A. Young hair. b. Mature hair. Secretion under the cuticle. 

Fig. 714. Sting of a species of r. Epidermis, g. Glandular appa- 

ratus. — “Fig. 715. Sting of the common Nettle ( dioicaX consisting 
of a single cell with a bulbous expansion at its base, 5, ana terminated 
above by a swelling, «, aud containing a granular Irritating flnid, /,/. 
te e. Epidermal cells surrounding its base. 


and consist either of one secreting cell, or of two or more. 
Those with one secreting cell placed above the level of the 
epidermis are frequently termed phpillm. 

Hairs with a very large and swollen terminal cell, which 
serves as a water reservoir, occur upon the surface of the Ice- 
plant {MeBemh'yantliemum crystalUnum)^ and it is to their 
presence that the peculiar appearance of that plant is due. 
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When a sessile gland contains an irritating fluid, and is 
prolonged above into one or more hair-like processes, which 
are placed horizontally {fig, 714), or vertically {fig, 715), we 
have 0 . sting formed. 

In the Nettle {fig, 715) the sting consists of a single cell, 
enlarged at its base, 6, by an irritating fluid /, /, which it con- 
tains, and tapering upwards to near its apex, where it again 
expands into a rounded or pointed head, s. The enlarged base 
is closely invested by a dense layer of epidermal cells, w e, which 
forms a kind of case to it. When a Nettle is touched lightly 
the knob-like head, a, is broken off, and the sharp point of 
the sting then left enters the skin, while the irritatmg fluid is 
pushed up at the same time into the wound by the pressure 
occasioned by the elastic force of the surrounding epidermal 
cells, w e. 

The Ground or Fundamental Tissue System. 

Underneath the epidermis in the gametophyte of all cellular 
plants which show any differentiation of tissues, we find a mass 
of cells which constitutes the ground or fundamental tissue. 


. Fig. 716. Fig. 717. 



Fiy. 716. Diagram of section of mouostelic stem of dicotyledonous plant, 
e. Cortex. 6. Limit of stele, a. Vascular bundles, m.r. Medullary rays. 

pi. Pith. Fig. 7l7f Diagi^m of soctioii of monostclio stem of mono- 

ootyledonouB plant. Vascular bundles, c. Cortex. 6. Limit of stele. 

In the sporophyte of tfie vascular plants, which is in their 
case the prominent form, we can distinguish in addition a 
central stele or steles, largely composed of vascular tissue, hut 
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containing some fundamental or conjunctive tissue interspersed 
among the latter {figs, 716 and 717). The fundamental tissu^^ 
in these forms may be spoken of extra- stelar and intra-sielar 
respectively, the former derived from the periblem, the latter 
from the plerome. If there is a single stele the extra- stelar 
fundamental tissue constitutes what is known as the cortex, and 
has the form of a hollow cylinder. It is the region which is 
continuous with the periblem of the growing point {fig, 701). 

Extra-stelar Ground Tissue^ or Cortex, 

Generally ground tissue is composed of parenchyma, the cells 
being polygonal in outline and thin-walled, with intercellular 
spaces between the cells. Sometimes the walls are slightly 
thickened, and then show pits upon their surfaces. The tissue 
may contain, in addition, fibres or masses of sclerenchyma or 
collenchyma, especially when the vascular bundles of the stele 
are not well developed. 

These masses are arranged in different ways, sometimes as 
a sheath underlying the epidennis, sometimes as isolated 
strands in the substance of the cortex, or the external layer 
of the stele, sometimes as sheaths or masses, in contact with 
the vascular bundles. They may be connected together in 
various ways, and thus form a supporting tissue supplementing 
the vascular bundles. These sclerenchymatous and collenchy- 
matous masses together with the hardened elements of the vas- 
cular bundles are often spoken of as the stereome of the plant. 

The cells of the parenchyma retain their protoplasm, and are 
largely concerned in the metabolic processes of the plant. The 
, outer layers frequently contain chloroplastids, starch, <SiC. Gene- 
rally in the axis of vascular plants the external layers of the 
cortex differ to a variable extent from those nearer the centre, 
and can be recognised as a well-marked region, often called the 
hypoderma. The innermost layer, which abuts upon the stele, 
or steles if there are more than one, constitutes the endodermis. 

The hypoderma is often found to contain supporting tissue. 
In many stems it is composed entirely of layers of sclerenchyma, 
as in the rhizomes of many Ferns and^pecies of Eqmsetum, In 
succulent petioles it is often composed of collenchyma. 

In the hypoderma of roots the second layer of the cortex is 
known as the exodemiis (fig, 718). Its walls are usually thin, 
with a ladder-like thickening band extending round their radial 
and upper and lower' surfaces. In Monocotyledons it persists 
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throughout the life of the root ; in Dicotyledons it is soon shed 
^d replaced by a deeper corky formation. In some plants the 
exodermis is several layers of cells in thickness. 

In foliage leaves the hypoderma sometimes shows a large 
development of sclerenchyma, as in many of the Coniferee 
(fig. 719, h). In the leaves of certain Monocotyledons it consists 
of aqueous tissue, being 
made up of thin-walled 
parenchymatous cells 
which contain little more 
than water, and are 
packed close together 
without intercellular 

spaces. Some succulent ^ 

leaves have their gi'ound 
tissue entirely composed 

^ ^ Fi(j. 718. Outer part of root of Hyacinth. 

01 tnis. fp^ EpibleuiH. f.t. E.xoiiermis. r. Oortex, 

The general ground 

tissue shows a peculiar character in the wings of foliage leaves, 
the cells, though parenchymatous, not being at all like those of 
the stem. On one or both sides they are found to be elongated 
and arranged in one' or several rows, with their long axes at 





F((j. 718. Outer part of root of Hyacinth. 
ep. Epiblema. *>.>. Exoiiermis. c. Oortex. 
x250. 


Fig. 719. 


Fio. 720. 







Fig. 719. Portion of trausveree 8«3Ctiou of leaf of IHnus. e. Epidennia. h, 
Hypoderma. Fig. 720. Section of leaf of Beta. e. Epidermis, p.t. Pali- 

sade tissue, g.p. Spongy parenchyma. 


right angles to the surface. They have a nmnber of chloroplasts 
eml^edded in their protoplasm. From their mode of arrange- 
ment they have been called yalisade tissue (fig* 720, p.t.). If 
this tissue is only on the upper side of the leaf, the low'er side 
shows more irregularly arranged chlorophyll-containing tissue 
which from the looseness of its arrangement has been called 
spongy parenchyma (fig^ 720, s.p.). It is chiefly remarkable 
for its abundant intercellular spaces. 
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The general ground tissue of the cortex may contain many 
other kinds of tissue already described ; resin ducts, laticiferous^ 
tissue, all occur in different plants. 

Crossing the cortical tissue of the stem we find fibro-vascular 
strands joining the meristeles of the leaf with the main axial 
stele. As we shall* see later, the leaves are derived fi^om the 
periblem and dermatogon of the stem, the plerome taking no 
part in their formation. We find that parts of the periblem 
give rise in this way to vascular tissue, though the chief place 
of origin of the latter is the plerome. The vascular strands 
continuous with those of the leaf are known as leaf- trace 
bundles. 

In rare cases certain strands of vascular tissue are found in 
the cortex, developed longitudinally down the stem for some 
distance parallel to the stele. These are generally leaf- trace 


Tig. 721 . Fio. 722 . 



Ftg. 721. Endodennis and perioyclo of root of Ins. end. Endodermls. 

p.c. rubsaKe cell. pe. Perioyole. Ftg. 722. EndcKierniis of root with 

cogged thickeuiug. 


bundles, which ultimately curve and join the bundles of the 
stele. 

The innermost layer of the cortex is the endodermis. It 
forms a band of peculiar character round the stele, or round 
each stele if there is more than one. The cells composing this 
layer are sometimes thickened uniformly, or on the side facing 
the stele and on the lateral walls (fig, 721) : they are more 
commonly thin-walled with a peculiar ladder-like thickening 
band extending round their radial and upper and lower surfsices. 
This in section gives the appearance of fig, 722, end. In other 
cases, particuletfly in stems, the endojlermis is only recognisable 
with ^fficnlty. 

In rare cases, as in the roots of Equisetum and the stems of 
certain Ferns, the endodermis consists of two layers. 

In the cortex of all those stems which grow in thickness a 
further modification of ground tissue is developed. This is the 
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tissue known as cork. It is not confined to the cortex, thouf^h 
the latter is the chief seat of its formation. It may be formed 
• also in the colls of the epidermis or in some part of the tissue 
of the stele. In most cases it arises from the outermost layer 
of the hypoderma becoming 
merismatic, and dividing 
repeatedly by tangential 
walls, forming a layer, often 
several cells thick, of brick - 
shaped cells without inter- 
spaces {Jig. 723, per). The 
cell -walls remain thin, but 
generally become completely 
suberised. The merismatic layer of cells is known as the 
phellogen {Jig. 723, ph .) ; it is classed as a secondary meristem, 
the cells regaining the power of dividing after having assumed 
the condition of permanent tissue. 

Sometimes it is not the outer layer of the hypoderma which 
becomes phellogen, but one deeper in the cortex. The depth 
varies in different stems : it may be seated so far inwards as to 
be within the limits of the stele. It never extends within the 
wood of the vascular bundles. Sometimes many phellogens are 
developed in succession, 
each of which gives rise 
to a cork layer. 

Whatever be its origin, 
it gives rise to the same 
forms of tissue, externally 
cork^ and internally often 
to a secondary cortex 
known as phelloderm. 

The phellogen and the 
tissues which it forms both 
internally and externally 
have been called periderm by some authors ; by others the teim 
periderm is restricted to the layers formed on the outside only 
of the phellogen, the phelloderm and the phellogen being dis- 
tinguished from it. 

A variety of ordinary periderm is formed in some cases by 
strata of thickened or hardened cells occun’ing among the thin- 
walled suberised ones. This is the case when the activity of 
the same phellogen is maintained for several years. In roots, 
cork is found less frequently in tlie hypoderma ; generally the 


Fig. 724. 



Fxg, 724. Section of Lentioel (Z.). 
per. Peridenn. 


Fig. 728. 



Fiy. 723. Outer portiOT' of Cf*’'te5: of 
young stem of Lime. ph. Phellogen. 
per. Cork. 
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phcllogen arises in the external layer of the stele, known as the 
pericijcle. It may or may not be accompanied by a development 
of phelloderm. In leaves the occurrence of cork is rare. It is ' 
found in the scales of the winter-bud of the Horse-chestnut, 
and in the petioles of Hoya carnosa and a few other plants. 


Fig. 725. 



Pig. 725. Section of stele of root. Aiter Kny. en. Endodermls. pe. Peri- 
cycle X. Xylem bundles, the protoxylem, abutting on the perioycle. 
ph. PhloSm bundles alternating with the bundles of xylem. p. Pith, or 
uoniuuctive tissue of the stele. 


Cork is also formed as a covering pver any portion of the 
interior of a plant which is exposed to the air in consequence 
of injury. The injury stimulates the exposed uninjured cells to 
merismatic activity, and a phellogen is formed over the wound. 

Cork is formed in all stems and roots that increase in thick- 
ness ; it occurs in most Dicotyledons and Gymnosperms; some 
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Monocotyledons ; in the Marattmcece and in Botri/chtfim aiuoyig 
t the Cryptogams. It is not found in herbaceous plants. 

The development of cork and its effect upon the structure of 
the stem and root in woody plants will be fiirther discussed in 
connection with the anatomy of these members. 

From the character of its cell-walls and the arrangement 
of its cells, the cork forms a layer impervious to the passage 
of water or gases. At certain places in both stems and roots 
special structures are developed to allow of the admission of air 
to the tissues underlying it. These are lenticels. In stems 
they ai’e generally developed under places in the epidermis 
where stomata are present. Each consists of a little rounded 
spherical mass of corky cells arranged loosely together. They 
become exposed to the air by rupture of the epidermis above 
them. In the autumn a formation of cork takes place under 
them, by which the communication with the exterior is cut off 
till the succeeding spring (fig, 724). 

Intrastelar Grotmd Tissue^ 

The intrastelar ground tissue is somewhat varied in its dis- 
position. In a monostelic stem or root the whole stele is sur- 
roimded by a layer of usually parenchymatous tissue abutting on 


Fig. 726. Fig. 727. 



Fig. 726. Diagram of monostelic stem of Dicotyledon, e. Cortex, b. Limit 

of steJe. a. Plbro-vascular bundles, pi. Pith. m.r. Medullary rays. 

fHg. 727. Diagram of section of monostello stem of uionoootyl^ouous plant, 
a. Vascular bundles, c. Cortex. 6. Limit of stele. 

the endodermis and extending inwards for a variable distance. 
This is known as the jpericycle. In roots (fig, 725, ]^e) it is 
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generally composed of a single layer of cells ; in most stems, of 
8e^'eral layers. The cells are usually parenchymatous, but bands, , 
rings, or patches of sclercnchyma may be present. Frequently a 
number of such thickened cells abut upon the \ascular bundles. 
In roots merismatic tissue is often developed in the pericycle. 
In consequence of this, secondary formations of both vascular 


Fig. 728. 



Fig, 728. Oollatcml bnudle from stem of a Monocotyledon, ph. Phloem. 

X. Xylem vessels, pph. Protophloem. The biuidle is surrounded by a 
small-celled sheath of sclereuchyuia. After Kny. 

tissue and periderm occur there. In the stem and petiole glan- 
dular tissue is frequently met with. ^ 

The disposition of the rest of the intrastelar ground tissue 
depends upon the arrangement of the vascular bundles in the 
stele. We may distinguish several types. The vascular bundles, 
few in number, may be arranged as a circle of wedge-shaped 
bodies just within the pericycle, as in the stems of Dicotyledons 
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and most G-ymnosperms. Then this part of the conjunctive 
tissue consists of a central mass or ;pith^ and a number of 
^strands extending between the latter and the pericycle, constitut- 
ing the so-called medullary rays. The vascular bundles may be 
numerous, and arranged irregularly, or in a series of circles, in 
the stele, as in the stems of Monocotyledons. Sometimes the 
centre of Hho stele of the latter is free from them, and we can 
speak of a pith. It is usually, however, very ill -defined. It is 
customary not to speak of pith in these stems, but merely 
interfascicular ground tissue. The latter is generally most con- 
spicuous towards the centre of the stele. It often contains 
sclerenchyma, either in isolated patches, or in cue form of 
sheaths surrounding the vascular bundles [fig. 7‘28). In many 


Fig. 729. 



roots the part of the stele within the pericycle consists of a solid 
vascular cylinder containing no conjunctive tissue’ at all, or only 
a little dipping in from the pericycle in the intervals between the 
bundles ; while in other cases there may be a central hardened 
pith closely surrounded by the bundles, and not communicating 
with the pericycle by regular medullary rays. 

•In Dicotyledons isolated vascular bundles sometimes occur in 
the pith. Where a large pith exists the cells of it tend after a 
time to break up and dilappear, forming hollow stems, as in 
many members of the UmhelUferce, These hollow stems are 
extreme instances of lysigenous formations. 

In polystelic stems each stele, in addition to its envelope of 
endodermis, is surrounded by a layer of pericycle. Such steles 
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aro usually composed of solid vascular tissue, and do not show 
intrastelar ground tissue, both pith and interfascicular ground 
tissue being absent (fig. 729). 


The Vascular Tissue System. 

The Stele. — We have seen that the centre of the tissue of 
the growing point, which has been named the plerome, develops 
into a solid strand of complex character, forming the stele. 
Usually this remains single throughout the axis, and the plant is 
termed monostelic. The arrangements of its parts are different 
in the stem and the root, but there is a single central cylinder 
running throughout the whole axis. Separate portions, known 
as meristelrs, pass outwards from it to the leaves. If a section 


Fig. 730. 
8t 



Fiq. 730. Polystellc stem of Pern. Stolen, Bands of sclerenohyma. 
hy. Hypodermal sclerenchyma. ep. Epidermis. 

of such a stele be taken a little way behind the growing point, 
there can be seen variously placed in it a number of collections 
or groups of small cells, very well defined and marked off con- 
spicuously from the rest of the tissue. These are sections of 
strands of cells, called procamhiunft strands, which a little 
later are transformed into the vasculhr hwndles. Great differ- 
ences appear in different steles in the composition and arrange- 
ment of the latter, as already described. Between them we find 
ground tissue ; and a layer of the same, the pericycle, surrounds 
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the whole stele externally, lying in contact with the endo- 
dennis. The general arrangement of the intrastelar ground’ 
tftsue has already been described. 

In many stems this monostelic structure is not fomid. 
Several separate steles sometimes exist, each containing 
vascular bundles and surrounded by layers of pericycle and 
endodermis. Such stems are known as polystelic {Jig. 730). 
In some stems of this type the separate steles, or some of them, 
are fused together for variable distances along their course. 
The pericycle and endodermis then surround the mass formed 
by such fusion, and the arrangement is called gamo-deamic. 
If the original plerome is not continued into a single 
cylinder surroimded by an endodermis, but instead gi\'eB rise 
to a number of strands, each consisting of a single vascular 
bundle surrounded by a pericycle and endodermis, we have the 
condition called aately or achizostely. This difters from 
polystcly in that each stele in the latter case is composed of two 
or more vascular bundles. 

The formation of the several steles in polystelic stems is due 
to the differentiation of the cells of the plerome varying at 
different times during the growth of the axis or stem. The 
endodermis of the steles is not in this case, and in that of astely, 
derived entirely from the periblem, but part or all of it springs 
from the plerome. 

The Pericycle . — As we have seen, this portion of the stele 
is to be regarded as ground tissue. It presents certain charac- 
teristic features in different portions of the axis. Generally, its 
cells are thin- walled and parenchymatous, and form a continuous 
layer over the stele. In the stem it is usually several layers of 
cells thick, and may contain a variety of tissues, including bands 
or strands of collench^ona, sclerenchyma, or glandular tissue. 
In the root it is usually only one coll tliick, and the cells are 
all parenchymatous. An exception is found in nearly all 
Gymnosperms, where it is many-layered. There is, however, a 
good deal of variety in its construction in many roots. It is not 
always continuous, being absent behind the woody bundles of 
many grasses and sedges and some other Monocotyledons, in 
which the protoxylem cells abut directly on the endodermis. 
In other cases its continuity is interrupted behind the bundles 
of the bast, particularly in seVeral aquatic Monocotyledons. 

Though generally of imiform thickness in roots, this is not 
without exception. It may be several cells thick opposite to the 
bast bundles, as in the aerial roots of some Orchids, or behind 
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the wood bundles, as in some Leguminosce, Where it is many- 
layered the cells may become sclerotised. 

The pericycle is often the seat of secondary formations, du e 
to certain of its cells becoming merismatic. Phellogens espe- 
cially arise there, leading to the development of layers of cork. 
This is particularly the case in roots, where such phellogens 
extend completely round the stele. Another meristem giving 
rise to vascular elements is also developed in the pericycle of 
the root ; but this is discontinuous, occurring only outside the 
bundles of the wood. Its separate parts join a number of strands 


Fig. 731 . 



r. Cambiuai. px. Protoxylem. x. Xyleiu. if c. luterfascicular cam- - 
bium. A.ftcr Sachs. 

of a similar meristem arising more deeply in the stele, forming 
thus a sinuous ring of generating tissue, or cambium. 

In all plants above the Vascular Cryptogams the pericycle 
gives rise to the lateral rootlets. 

In some aquatic roots the pericycle is not present, but the 
vascular tissue of the stele abufs directly on the endodermis. 
This is the case also in the roots of the Equiaetacece, and in the 
stems of Salmnia and Asolla^ where the endodermis is two- 
layered. 

The Vascular Bundles i—EeLch fully difierentiated vascular 
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bundle coiiBists usually of two parts, called the xylem, or ivood, 
aijd the pMonrif or hoBt, The xylem is made up of what has 
been described as tracheal tissue mixed with a certain amount 
of wood parenchyma and wood fibres. Its walls are always 
lignitied, and usually the cells are empty of contents. The 
phloem is made up largely of sieve tissue with a little paren- 


Fia. 732. 



tif). 732. Collateral bundle from of a Mouocotyletlon. ph. Phlm’m. 

X. Xylem vessels, p.ph. Protophlocm. The buudfe Is siirroundc<l by a 
small-celled sheath of solerenchyma. After Kny. 

* 

chyma. Associated usually^with it is also a certain, sometimes 
a large, number of fibres. Bast or phloem cells are never 
lignified, and always contain protoplasm. 

In addition to wood and bast certain bundles contain a thin 
layer of meristem, known as cambium. 

The wood and bast, though usually combined into a single, 
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or conjoint, bundle, may be separate, when they are spoken of 
as wood or bast bundles respectively. p. 

The number of bundles in a stele varies greatly. They 
are usually very numerous in the stems of Monocotyledons 
{jig. 727) but few in those of Dicotyledons (jig. 726) and Crypto- 
gams (jig. 729) ; there may be only one, as in the separate 
steles of schizostclic, and the smaller steles of polystelic, stems. 

According to the mode of arrangement of the wood and bast, 
we have several types of vascular bundle. The two principal 
ones are the collateral and the concentric. 


Fig. 733. 



Ftg. 733. of one concentric bundle from Feni stem, 

en. Endoilermis. />. Perioycle. ph. Phloem. p.v. Protoxylem. x, Xylem. 

Collateral Bundles. — We distinguish again two kinds of 
these, one cliaracteristio chiefly of the stems of Gymnosperms 
and Dicotyledons, the other of those of Monocotyledons. , 

In the first variety the bundle is roughly wedge-shaped, and 
the bast is placed behind the yfoodf(jig8, 731, and 748, b). The 
orientation of the bundle or its position in the stele is such that 
the narrow end of the wedge is directed towards the centre of 
the stem, and its broad end towards the periphery. In such a 
bundle the wood and the bast are generally separated by a band 
or layer of cambimn. In some cases the wood^ and bast in a 
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contradistinction to the form in which all three arc present. 
A bundle possessing cambium, which is a mcristein, is capable 
of continued increase in size, and is said to be opeyi. 

Some bundles of this type, occurring especially in Cucurhi- 
tacece and a few other natural orders, have a second bast 


Fio. 736. 



Fig. 73C. Section of ?tele of root. After Kuy. f'n. Endodermls. pe. Peri- 
cycle. X. Xylera bundles, the protoxylem, abutting on tlie pericycle. 
ph. Phloi^m bundle.^ alternating with the bundles of lylem, p. Pith, or 
conjunctive tissue of tlie stele. 


bundle on the inner face of the wood. These are called 
hicollaterah 

The second variety of collateral bundle is not so markedly 
wedge-shaped. The wood is never separated from the bast by 
a cambium layer, but tends to curve partially round it as in 
fig, 782. The orientation of these bundles is similar to that of 
the drst type. 


TISSUE SYSTEMS 


848 


Concentric Bundlea—Oi this form we have again two varie.- 
4ies. In most the wood is central, and is surrounded by a layer 
of bast. This is seen in most Ferns {fig, 788). Sometimes an 
apparently concentric bundle is formed by the fusion of a number 
of wood bundles to form a single mass, which is surrounded by 
a ring of bast, itself the result of a fusion of separate bundles. 
Such a bundle is termed gamodesmic : it may be seen in many 
Selaginellas and Ferns {fiig, 734). It is better regarded as a 
steU, 

In the other variety we find the bast central, and the wood 
Fm. 737. 


jy A s' m' i> U" /> c st st ph n C' 



Fiff, 787, Badial vertical section through a collateral fll)ro-va8culnr bundle 
from the stem of the Sunflower, p’. Pith, s, Spiral vessels 
xylem), w', v. Wood-cells, Pitted vessels, r, Oamblum. Sieve 

tubes, ph. Fibres of the pericj’^ole. n. Bundle-sheath, c'. Cortex. After 
Prantl 

surrounding it. It occurs in a few Monocotyledons {fig, 785). 
Concentric bundles never contain any cambium. 

• The wood and bast bundles of the stele of the root are not 
conjoint but separate. They are said to be radially arranged 
as they lie side by side alternately in a circle round the axis 
{fig, 786). They are always separated by interfascicular ground 
tissue. A variety, which leads to an apparently very complicated 
structure in the adult form, is found in the stems of Lycopodium 
and some allied plants, where the separate bimdles ultimately 
become gamodesmic {fig, 756). 
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The longitudinal course of the bundles in the stele varies 
very much in different stems, and will be best described whep 
dealing with the structure of the latter. 

In some cases they can be traced up to the plerome, beyond 
the insertion of the leaves, when the bundles are called can line. 
In other cases they are continuous with the bundles in the young 
leaves. Being common to stem and leaf, they are known as 
common bundles. 

Fig. 738. 



Fiq. 738. Collateral bundle of Rtcinus. en. Endwlermia. ph. Phlofe'm 
f. Cambium, pr. Protoxylom. x. Xylem. i/.c. Interfascicular cambium. 


Differeniiation of tJw BtindUs, 

The transformation of the procarabium merismatic cells into 
the pennanent tissue of the vascular bundle does not take place 
all at once, but begins at definite spots and extends in a regular 
manner from those points. In the first type of collateral bui^dle 
described above, the development of wood starts by the differentia- 
tion of a spiral or annular vessel or* row of tracheids situated, 
with few exceptions, at the apex of the wedge, forming the 
protoxylem {fig, 738, px). This is the only point at which 
spiral or annular vessels ever occur in such a bundle. The dif- 
ferentiation then proceeds gradually backwards or centrifugally, 
forming the primari/ wood, which consists of vascular and 
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parenchymatous elements with thickened lignihed walls. The 
vessels and trfiwjheida are variously pitted, as already described, 
and they lose their protoplasmic contents. 

The outer part or bast of this type of bundle begins to be 
differentiated at a place at the exterior of the wedge-shaped 
mass, where a few sieve tubes and their companion cells may 


Fio. 739. 


X 


Fig. 739. Collateral bundle from stem of a Monocotyledon, ph. Phloilm. 
X, Xylem vessels. p.x. ProtoxyJem. p.ph. Protophloem. The bundle is 
surrounded by a small-celled sheath of sclerenchyma. After Kny. 



be observed. These constitute the protoj^hloem. Their shape 
becomes altered by pressure within the bast ; their walls ap- 
pear swollen and their cavities almost indistinguishable. The 
differentiation of the rest of the bast proceeds then centripetaUy 
towards the wood. In some cases the wood and bast come to 
meet as above described ; in others a band of the procambium 


846 


MANUAL OF BOTANY 


between them does not become permanent tissue, but retains its 
merismatic powers. This constitutes the cambist m of the bundle 
{fig, 788, r). Its cells are usually elongated parenchyma with 
thin walls and granular protoplasm. By this merismatic layer 
the bast on the one side and the wood on the other are increased, 


Fig. 740. 



Fig. 740. Section of stele of root. After Kny. eti. Endodermls. pe. Peri- 
cycle. X. Xylem bnndles, tlio protoxylem, a:,, abutting on the pericycle. 
ph, Phlodm buinlles alternating with the bundles of xylem. p. Pith, or 
oonjuuotlre tissue of tiie stele. 


SO that the conjoint bundle grows both inwards and outwards. 
fascicular cambium is a primary meristem. 

The collateral bundle of the second type isr similarly de- 
veloped from the prooambium strand. The protoxylem is an 
annular or spiral vessel of some size, occupying a position in 
the front of the bundle. Frequently it abuts on a lysigenous 
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intercellular space, as seen in fig. 789. The protophloem, again, 
lies at the back of the bast ; there is no cambium left between 
the bast and wood, 

In the concentric bundle both protoxylem and protophloem 
can be identified. If the section of the bundle be circular, the 
protoxylem lies at the centre of the circle (fig. 738). In con- 
centric gamodesmic bundles there may be several groups of 
protoxylem. These arise in some cases on the periphery of the 
xylem strand, as in some Selaginellas and Ferns ; in some other 
Ferns they are situated more internally (fig. 734). The pro- 
tophloem arises at one or more points on the outside of the 
circumferential zone of bast. 

In radially arranged bundles each strand of procambium 
becomes completely converted into either wood or bast. The 
position of both protoxylem and protophloem in these is always 
external (fig. 740), so that the differentiation of the primary 
wood is centripetal instead of centrifugal, as in the collateral 
bundles. 

This difference of direction of formation of the primary 
wood is one of the most important anatomical differences 
between the stem and the root of a phanerogamic plant. 
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CHAPTEE IV. 

THE STRUCTUEE OF THE STEM. 


Dicotyledonous Type. 


As we have already indicated, the stem shows considerable varia- 
tion in its structure, dependent chiefly upon the arrangement of 
the vascular tissue in the stele. In the great majority of forms 


Fm. 741. 


(I j*f p? 



Fig. 741. Growing point of tlie «tem of 
a Dicotyledon. After Douliot. d. Dcr- 
inutogen. pt'. Periblem. pi. Plerome. 
L Younp loaf. The thick lines are exiig- 
to show tlie limits of the three 

regions. 


the stem is monostelic, and 
its tissues are arranged on 
one of two plans, loading to 
recognition of the two types 
especially characteristic of 
Dicotyledons and Conifers on 
the one hand, and Monocoty- 
ledons on the other. 

The dicotyledonous stem 
in its very young condition 
shows us in a longitudinal 
section of its apex a meristem 
of small cells, usually dis- 
playing dermatogen, peri- 
blem, and plerome (fig. 741). 
A little way behind the apex 
the plerome can be seen in 
transverse sections to be 
marked off more or less dis- 
tinctly by the innermost layer 
of the periblem. ' 

The epidermis consists of 


a sheet of cells with cuticularised external walls, closely attached 


to each other, and hj^dng no intercellular spaces except the 


stomata, of which it bears a considerable number. The cells 


are usually empty save for the presence of water, except in 
aquatic plants, when they contain chloroplasts. These stems 
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have no stomata. Frecjuently the epidermis is provided with 
hairs of various shapes, and occasionally secreting cells are found 
among the others. The hairs, too, are often glandular. 

The cortex consists typically of parenchyma, with numerous 
intercellular spaces. The outer layers frequently contain 
chloroplasts, starch grains, &c. Bands, sheaths, or isolated 
patches of sclerenchyma are often present. The innermost 
layer constitutes a sheath round the stele, named the endodermis 
{fig, 742, 6w), which is sometimes conspicuous, hut generally 

Fio. 742. 


en ph c tj.r. 



Catnhluni, I’rotox^leai. XyK*in. InU^rliiHciculur cuiiibiiim. 
jifter Sad IS. 

very difficult to identify. It can sometimes be recognised by its 
cells being crowded with starch grains. 

The cortex often increases along longitudinal lines, making 
tlie stem ribbedy or in isolated spots, producing cmcrge7tceH or 
prickles. Both ribs and prickles are covered by epidermis. 

The epidermis and cortex persist throughout the life of 
herbaceous stems, but in those which increase much in thick- 
ness both are ultimately replaced by bark. 

Not far from the apex of the stele the procambium bundles 
become differentiated, and in transverse section are seen to be 




FUj, 743. Diagram of stem of Dicotyledon at three ages, a* Young condi- 
tion Hhovdug oommeuoemeut of dlflfereiitiation of the stele and its flbro- 
vascular buiidlea. a. Proctimblum baudlea anaiug in 6, tlie stele, c. Cortex. 
m.r. Medullary ray. pi. Pith. B. A little older stage, p, PhloSni. 
X. Xylem. c. Fascicular cambium. i.c. Interfascicular cambium. One of 
the bundles lias been shaded, r. Older stage after the commencement of 
secondary thickening, px. Protoxylom. .r. Secondary wood, ph, Seoon- 
tlary bast. a. New bundles formed by the Interfascicular cambium in the 
l^rlniary medullary rays. The secondary medullary rays are indicated by 
the black radial lines in the bundles. After Snobs. ' 
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arranged in a ring surrounding a central pith. They are 
separated by conjunctive ground tissue, strsmds of which extend 
#Erom the pith to the circumferential pericycle. These strands 
constitute the primary medullary rays. As they get older the 
differentiation of the vascular bundles from the procambium 
takes place, the protoxylem lying next the pith, and the proto - 
phloem abutting on the pericycle. The bundles of such a stem 
are collateral. When they are numerous, and consequently 
close together, the protoxylems form a more or less evident 
ring round the pith, and constitute the so-called medullary 
sheath. 

The differentiation of the vascular elements does not usually 
extend throughout the bundle, but a narrow layer of meristem 
is left between the bast and wood, the cambium (Jiy. 742, c). 

This meristem fonns new wood and bast by repeated di\ isions 
of a single layer of cells, the wood upon its interior, the bast 
upon its exterior surface. Through the activity of the cambium, 
therefore, the individual bundles grow in a radial direction. 
The divisions of the cambium are cliieffy tangential in direction, 
but radial ones also take place, as the cambium becomes pressed 
towards the exterior of the stem by the accumulation of the 
wood it is continually forming. The bundle thus becomes 
broader as well as longer, as seen in transverse section. 

Soon after the differentiation of the primary bundles is com- 
plete, changes take place in certain cells of the medullary rays, 
which become merismatic and form a band of cambiimi across 
the rays. This always occurs between the ctimbiums of the con- 
tiguous bundles, so giving rise to a ring of cambimn round the 
stem at that point. The portion of the ring which is foimed 
in the rays, and which differs from the rest by being a »ecornZary 
meristem, is known as the interfascicular cambium {fly. 742, 
i/.c.). The interfascicular cambium not only foiins new parenchy- 
matous tissue in the ray, maintaining its existence, but part of 
it forms also new wood and bast like the cambium of the 
bundle. We may get new vascular bundles intercalated in this 
way between the original ones, or we may have the latter con- 
tinually increasing in breadth, their number remaining constant. 
When new bundles are thus formed they can be distinguished in 
the stem by not possessing any protoxylem, and by not being 
continued outwards into the leaves as are the primary ones. 

New medullary rays or radial bands of parenchyma are 
formed in the substance of the bundles by the cambium as the 
mass of wood increases, which are known as secondary medullary 
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rays. They differ from the primary ones not only in this mode 
of origin, but also by not extending to the pith on the one hahd 
or to the peri cycle on the other. Their extent in a vertical direc-*^ 
tion also varies considerably in different cases. 

The medullary rays, both primary and secondary, usually 
widen out in the bast in consequence of the stretching of the 
tissue brought about by the continuous increase of the central 
mass of wood. This leads to radial divisions of the cells of the 
medullary rays towards their outer ends. 

The cells formed by the cambium undergo similar trans- 
formations to those of the procambium. The tissue of the two 
meristems is somewhat different, however, the procambium cells 
being elongated and narrow with square ends, while those of the 
cambium are prismatic. The behaviour of the two is different, 
the divisions of the procambial cells taking place in three planes, 
those of the cambium chiefly tangentially, but to a slight extent 
radially as well. 

The activity of the cambium is greater towards the interior 
of the stem than outwards, so that much more wood is formed 
than bast. 

The cells when first cut off from the cambium are thin- 
walled and hardly distinguishable from the merismatic cells. 
Gradually they become changed to the permanent form. Those 
which are to form xylem parenchyma divide transversely, 
becoming cubical instead of prismatic. Those destined to be 
tracheids or segments of vessels increase considerably in 
diameter, displacing and compressing the adjacent cells. They 
thicken regularly or irregularly, as before described. The fibres 
which originate from the cambium exhibit a curious mode of 
growth, their ui)per and lower ends, which are, like those of 
the cambial cells, somewhat pointed, growing past those of the 
cells above and below them, which behave similarly. Thus the 
separate fibres extend themselves between their neighbours, 
and often attain considerable length. Their transverse diameter 
docs not increase as in the case of the vessels. This mode of 
behaviour is known as sliding growth. It is seen not only in 
the young stem, but often in cases where growth in thickness is 
not accompanied by growth in length, when it causes curious 
displacements of the tissues. 

In the Conifers the secondary wood formed by the cambium 
consists of fibrous tracheids whose radial walls are furnished 
with bordered pits (fig, 688). 

The cells of the secondary bast include chiefly pcLrenchyma and 
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sieve tubes. The latter show a little peculiarity in their develop-* 
mentf whether from cambium or procaiubium. The segment of 
tne merismatic cell which is about to give rise to a sieve tube 
cuts off by longitudinal walls one or sometimes two segments, 
which are much smaller than the remaining one. These con- 
stitute the companion cells {fig, 744, c) ; each remains filled with 
protoplasm and contains a large nucleus. The remaining cell 
slightly thickens its end walls, which become perforated, forming 
sieve plates, through which the contents of the adjacent cells com- 
municate {fig. 744, 8.p.), The nucleus breaks up and disappears, 


Fig. 744. 



Fig, 744. Sieve tube aud compariou cells. x.t, Segmeut of the sieve tube. 
i.p. Sieve plate, c. Conipauioii cells, x 640. After Strasburger. 


so that the mature sieve tube has not a nucleus. The sieve 
plates have later a deposit of callus upon them, which also lines 
the perforations. 

In Gymnosperms the Isieve tubes have no companion cells. 

The cambium cells, though usually elongated prisms in shape, 
are riot always so. Those cells which continue the primary me- 
dullary rays {fig, 742, i/.c.), or which form secondary ones, divide 
transversely, becoming almost cubical. The segments which they 
contribute to the medullary rays have thus always this shape. 

By this mode of behaviour of the cambium ling, wood is 
continually formed centrifugally, and the stem increases in thick- 
ness. The activity of the cambium continues for the greater 
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portion of each year, ceasing only during the winter, and conse- 
quently a new zone of wood is produced annually. As t|ie 
year advances, the amount of new wood formed causes more 
and more compression within the bundle, so that the diameter 
of the new vessels gradually becomes smaller and smaller. 
Those that are formed in autumn have consequently much 


Fia. 745. 



Fin, 745. Section of twig of Lime, three years Old. lx, 2 j 7, Hie suoceaalve 
ttiiuuttl rings of wood. vh. Phlotim. c. Cortex. m,r. Primary medullary 
ray. pe. Layer of periderm. After Kny. 

smaller diameters than those of the next yearns spring wood, for 
the tension becomes relieved during the winter by the splitting 
of the external layers of the trunk through frost, so that the 
extent of each year’s formation is usually very evident. The 
successive zones of wood are known as <mmtal ri/ngs {fig* 745). 
The activity of the cambium on its external face is marked by 
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a similar intermittence. Usually, however, the limits of each- 
year’s formation of bast are not distinct. The bast is further 
Auoh interfered with by secondary formations of periderm. 

In an old stem the internal zones of wood are often very 
different in appearance from the more external ones. As the 
wood gets older the cells lose their protoplasm and die, becoming 
hard and dry, and frequently much darker in colour. The 
outer zones, on the contrary, contain cells which are living, and 
which are charged with water. The secondary wood can thus 



Fig, 74(J, Section of bark of Quercu$ msUyiorct, After Kny. pe, Pendcrm 
layers, aricdUig at different deptlis in the cortex. 


be divided into the alburnum or sajjwoody and the duramm or 
Jisart-wood, 

The increase in thickness of the stem thus brought about 
sets up great and gradually increasing tension in the cortex, 
leading to early rupture of the epidermis. To replace the latter 
such stems show a continual formation of layers of pheUogen, 
each giving rise to a cork layer externally, and generally to 
phelloderm or secondary cortex internally. This takes place 
usually at a very early date immediately below the epidermis. 
The periderm so form^ being impervious to moisture, all the 
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cells external to it dry up and perish. Successive layers of 
phellogen arising continually deeper and deeper in the cortex 
cause the external dry tissue to be very complex in structuife. 
The phellogen layers often extend as far internally as the 
secondary bast. The mass of external tissue thus formed is 
known as the har1c» It includes all the layers of periderm, with 
varying quantities of cortical tissue, perioycle, and bast. It is 
consequently extremely complex. The phellogens often form 
not only ordinary cork cells, but mixed with them cells thickened 
sclerenchymatously. 

In some cases the b^rk is the product of a single phellogen 
which continues its activity for many years. A very thick 
external layer of cork is thus formed, as in the cork oak. In 
other cases a new phellogen is formed every few years, deeper in 
the tissue than the previous one. 

These formations of phellogen may be cylindrical, cutting off 
regular zones or cylinders of tissue. Frequently, however, they 
dip into the other tissues somewhat irregularly, and often in- 
tersect each other, giving rise to the separation from the stem of 
irregular sheets of bark (Jig. 746). These sometimes, as in the 
Plane tree, are shed from the trunk in large patches. We dis- 
tinguish the latter case from the former by the terms scale 
bark and ringed bark respectively. Binged bark is generally 
ruptured longitudinally somewhat irregularly, and presents the 
appearance of grooves or furrows, often of considerable depth. 

Besides this formation of bark, serving as a normal protection 
to the internal tissues, another tissue is developed in cases where 
an injury occurs to woody plants. This is known as calhut^ and 
consists of ordinary parenchyma, which ultimately becomes 
covered with cork. It is only peculiar in its mode of origin, the 
cells which are adjacent to the injured ones becoming merismatic. 
There is not much difference between this formation and that of 
the covering of exposed surfaces by cork as already described 
(page 882). If in a stem or root the wound extends to the 
cambium, the callus originates at its sides as before, but cork and 
new cambium are formed in it, the latter joining the cambium 
which was injured, and growing over and closing the wound. 
If any object becomes impacted in the wood by the injury, the 
new formation grows over it and completely encloses it. 

Turning from transverse sections to study the structure as 
revealed by longitudinal ones, this type of stem shows at the 
summit a small-celled meristem, as already described, forming a 
conical apex on which small lateral protrusions aodse in acropetal 
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succession. The division into nodes and intemodes is visible at 
a very early period, the small protrusions or cushions arising at 
tfte former. Each protrusion is the rudiment of a leaf with a 
young bud or branch in its axil. It consists of a small out- 
growth of the periblem covered by the young epidermis. The 
plerome or central portion of the stem does not contribute to its 
formation. 

A little further from the apex the differentiation of the pro- 
cambium bundles in the stele can be seen. By the time this is 


Fig. 747. 


Fig. 748 . 


Fig. 747. Phateoltu multifiorm. Longitudinal aeotlon 
tbrongh tlie apical region of tbe stem of an embryo. 

Qtx. pb. ph- Parte of tUe two first leaves, k, k. 
Oommenoement of tbeir axillary buds. After Saclis.- ~ 
Fig. 748. Diagram of course of bundles in stem of 
Dicotyledon. After Nacgell. 


evident the leaves have elongated to a greater extent, and the 
differentiation of their internal tissue is progressing. Each pro- 
cambium bundle of the stele is found to be continuous with one 
of those of the leaf, so that thebnndle appears to originate in the 
leaf and to pass downwards into .the stem. It is said on this 
account to be a common bundle, that is, common to leaf and stem. 
The first appearance indeed of protoxylem is usually seen near the 
point of junction of the two members. These primary common 
bundles are known as leaf-trace bundles on account of tbeir 
origin as described. 
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Following these leaf-trace bundles down the stem, they are 
found to pass independently through the intemodes, joining at 
the nodes other bundles entering there from the leaf vertical^ 
below them, or bifurcating and joining those entering the stem 
from the orthostichies next in order. If a leaf sends many 
bundles into the stem, their courses become complicated ; they 


Fio. 749. 



Fig. 749. Aquatic stem of Martilea. ep. EpidcrmiB. coM, Cortical laoimce. 
5cZ. Sclereuchyma in the cortex, m,. Outer ; ewa* inner fused endodermia 
of the steles. The steles are fused together* laterally, forming a vascular 
ring in the centre of tlie stem Riirrouuding a small portion of the ground 
tissue. 


sometimes join the other primary bundles of the stelar ring, or 
less frequently they form also independent circles in the cortex 
or the'pith. 

The secondary bundles formed by the cambium have no 
connection with the leaves ; they are ciHiUne bundles only. 

The branches of the stem arise, as we have seen, in the axils 
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of the leaves by development there of lateral growing i^oints 
which arise as small protuberances on the side of the main one 
(^. 747). They arise only from the periblem and the epidermal 
layer, as do the leaves in whose axils they occur. * Ab they 
develop, their structure is found to be similar to that of their 
parent ; they show the same merismatio layers, each of which 
becomes continuous with the corresponding layer of the latter. 

In aquatic stems, both of this and of the monocotyledonous 
type and of certain Cryptogams, there is comparatively little de- 
velopment of wood. Instead, the cortex is unusually largo, and 
frequently shows lacunse or air-passages, which occupy a con- 
siderable pajrt of its substance, very few rows or chains of cells 
separating them (/iff. 749). In some cases the cells abutting 
on these air-passages are developed into hairs of curious form. 
These lacunae are interrupted at the nodes, where the paren- 
chyma is continuous. 

Monocotyledonous Type. 

The structure of the growing point of stems of this type 
differs slightly from that of the former one. Tlie apex is 

Fia, 750. Fio. 751. 




A/ 7 . 760. Growing point of stem of monoootylaJonons plant The thickness 
of the cell- wails at the limits of the demiattigen and p^iblem is exaggerated 

for the purpose of distinction. After Douliot. Ff{/. 761, Diagram of 

monocotyledonous stem, showing bundles scattered more or less irregularly 


In the stele. 


covered by a dermatogen, within which are the periblem and 
plerome, but the distinction between the latter two is not w^ell 
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inarked, a single initial layer being probably common to both 
760). 

A transverse section taken a little lower down shows thD 
central stele differentiated as in the former case. The arrange- 
ment in the stele is, however, very different. Instead of a ring 
of procambimn bundles arranged round a central pith, many 

Fio. 752. 



Fio> 762. Collateral bundle from stem of a Monocotyledon. »A. PliloBm. 
X. Xylem vessels. p 4 >h. Protoplilogm. p.x. Protoxylera. The bundle la 
stirrounded by a small-oelled sheath of sclerencliyma. After Kny. 


bundles are found, arranged more or less in a number of rings, 
and all pointing to the centre of the stele. Those first formed 
lie towards the centre of the cylinder, and later others appear 
nearer the periphery. Further development leads to increasing 
irregularity in the ring-like eurrangement, so that in an older 
stem the bundles seem to be scattered irregularly in the cylinder 
{fig, 751). In a few cases, as in the Bushes, there is a/ Single 
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or at most a double ring of bundles close to the periphery and 
surrounding a very large central pith. 

The bundles are of the collateral type, but as differentiation 
of the tissues proceeds, all the procambium is transformed into 
permanent tissue, so that the bundles are closed^ containing no 
cambium. The protoxylem is at the front of the bundle, and 


Fig. 754. 


Fig. 765. 


Fig. 763. 


Fig, 768. Diagram of course of bundles in the stem of 

a Monocotyledon (Palm). F*//. 761. Diagram of 

mode of growth of stem of Monocotyledon ( Xea Mnyx). 

After Sachs. Fig. 765. Part of a section of .stem 

of Dracama, pe. Oork. co. Cbrtex. ca. Cambium 
layer. 6, h. Bundles in course of ft»nnation. 




consists of one or two spiral or annular vessels {fig. 752,_p.ir). 
The large ducts or vessels on the wings of the bundle are next 
developed and then the remainder. of the wood. The proto- 
phloem is at the hack of the bast {fig, 752, p,ph). The whole 
bundle is surrounded by a sheath consisting of a few layers of 
sclerenchyma belonging to the conjunctive tissue of the stele. 

Viewed in longitudinal section the bundles are seen, as in 
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the other type, to be common bimdlea, being continuous with 
those which belong to the leaves. Usually there are several 
bundles in each leaf. In the simplest type each can be traced i 
inwards foii some distance, after which its course gradually 
curv^es outwards, proceeding obliquely down the stem ; it ulti- 
mately joins a bundle coming from a lower leaf {fig* 768). 

In most grasses, in consequence of the great and rapid elon- 
gation of the internodes, the bundles appear to lie perpendicu- 
larly in the stem. They do not extend far towards the centre 
of the stele, which becomes hollow. At the nodes the bundles 
anastomose freely with each other, forming a number of dia- 
phragms across the cavity. 

The pericyole or external portion of the stele is sometimes 
lignified, and forms a hard sheath to the cylinder. Its cells 
are chiefly fibrous, serving, with the sclerenchymatous sheaths to 
the separate bundles, to give the necessary rigidity to the stem. 
The cortex of the stem varies a good deal in thickness, being 
generally thin in sub-aerial and relatively thick in subterranean 
ones. 

No cambium being present in this type of stem, there is no 
regular increase of thickness as in the former type. The stem 
of the young plant is at first very slight, but as growth proceeds 
the growing point becomes continually larger and more vigorous, 
so that each node and intemode become larger than the pre- 
ceding ones. The young stem has thus the form of an inverted 
cone {fig, 754). After a time this continuous enlargement 
ceases, and the upper portion of the stem is cylindrical. 

This kind of stem is not associated,' as is the former type, 
with a tap root. The primary root soon disappears, and the 
further root system consists of its branches and a number of 
adventitious roots developed from the lower part of the stem. 

In some Monocotyledons, e.g. Drac(ena, Yucca, a regular 
growth in thickness of the stem occurs. It is brought about by 
the development of a secondary meristem or cambium layer 
several cells thick, which arises towards the exterior of the 
cylinder {fig, 765). This forms a series of bundles gradually 
proceeding outwards. These bundles are sometimes concentric, 
having their bast internal. 

In such stems there is a formation of periderm in the cortex, 
which is provided with lenticels. 
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Other Types of Stem. 

Besides the two type‘s of monostelic stems described, another 
is found in some of the Vascular Cryptogams. The general 
features of the cortex vary a good deal, stereomc tissue being 
distributed in many ways. A special feature of the stele is 
that the development of the xylem is centripetal. The xylem 


Fia. 766. 



Fig, 756. Seot4ou of stem of Lycopodium, ep. Epidorinis. m. Endodermis. 
jte. Pseado-pencycle. px. Groniis of protoxylcuK jih, After 

Sachs. 


and phloem bundles are placed side by side, and thus alternate 
With each other. The structure is seen best in the stem of 
Lycopodium {fig. 766). The stele is clothed by a pseudo-peri- 
cyole and surrounded by an endodermis, both of which are 
developed from the cortex. At various distances round the ring 
of pericycle, touching its internal face, a number of protoxylem 
groups are differentiated, between which are an equal number 
of protophloems. The primary wood develops centripetally 


864 


MANUAL OF BOTANY 


from those protoxylem groups, and the separate masses so formed 
unite irregularly in the centre of the stele, forming a number 
of bands which are separated by similar bands of phloem. 
A somewhat similar type of structure is found also in Pdlotum 
and a few other plants. 

Fig. '767. 



Fig. 757. Diagram of stem in two 
Bpecies of EguUftum. a, F. 
limomm. s. The separate 
bandies or sobiKOBtelee, each 
with its endodermis. b. E. 
hiemale. The schizoatelea, 
have their endodermis fused 
laterally. In both fignres I = 
cortical laoanse. After Pfitzer. 
Fig. 758. Section of vascular 
handle of Eguisetum limosum. 
en. Endodermis. pe. Pericycle. 
cr. Xylem. ph. Phloem. Z. La- 
cuna. After Dippel. 


A similar centripetal fonnation of the primary wood fb 
found in the separate steles of several of the polystelic 
Selaginellas, and also in the h^^ocotyledonary portion of the 
axis in some of the Phanerogams, where the transition from 
the structure of the stele of the stem to that of the. root can 
be observed. 

BchizosUlic Stems , — In this type of stem the central stele 
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can be observed at its lower part, but as the axis is examined 
higher up, the cyhnder is found to breali up into as many strands 


Fio. 759. 



AV//. 769. Stele of btem of Kcrii couiiwbctl of tliree fiisotl coii- 

ceiitrio bundles. I'/t. Kudoderuiw. ue. i’cricycle, ^//i. i’hloi>ui. Groups 
of protoxyleui. 


as there are vascular bundles, and these separate from eaeli 
other, each becoming clothed with its own pcricyele and endo- 


Fig. 7r)0. 
st 



Fi{f. 760. Polystelie stem of Peru. »(. Steles, w. Bauds of Bclereiichyma. 
hp. Hypodcnnal sclereuchyma. ep, Epldermia. 

dermis, continuous below with those of the orighial monostele. 
The separate bundles may be scattered through the substance 
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of the stem, or may be arranged in a circle. At intervals they 
anastomose with each other, fonning a network of bundles. 
This is due to a varying and irregular dififerentiation of the^ 
tissue of tl^ plerome. 

This type of arrangement is rare among flowering plants, but 
it is not micommon among the Cryptogams, being very frequently 


Fig. 761. 



Fig, 761. Gamostebe utem of Manilfa. tp. Epitlennih. co,la, (Jorticul 
iHCUiiBD. »cl. Sclcrencbymti iii tbc cortex, oi,. Outer : en,. inuer fuHe<l 
eudodermitf of the steles. Tho steles are fused together biterally, forming 
a vascular ring in the centre of the stem burrouiiding a small portion of 
the ground tissue. 


found among the Equisetacece, Some species of the latter show 
the separate bundles arranged in a ring, each with its pericycle 
and endodermis surrounding it (fig. 757, a) ; other species show 
the separate bundles all fused together laterally, except that part 
of their pericycle remains between each pair. The endodennis 
and part of the pericycle disappear from between them, but 
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remain fused in front and behind thoin, giving the appearance 
of an internal and external sheath 767, b). In some cases 
• the inner endodermis is almost or entirely? indistinguishable, 
when the structure simulates a monostelc. The sepafate bundles 
of the Equisetums are peculiar in having a largo lacunai* space 
in the region of the xylem, causing the latter to be represented 
by only a few vascular elements {Ji(j, 758). 

The bundles in schizostelic stems are always coUatoral. 

Polyatclic Sterna , — In these as in the last described type the 
first-formed stem is monostelic, but as it grows the differentia- 
tion of the tissue of the plcrome becomes irregular giving ^’isc 
to several steles separated by conjunctive tissue {fly. 760). Each 
stele is clothed by pericycle and endodermis. The latter layer 
differs from the endodermis of the monostelic stem in that the 
origin of part of it at any rate takes place hi the pleronio and 
not the peribleiii. Each stele contains usually more than one 
vascular bundle (fly. 759). The separate xyloms of these steles 
arc fused together, so that there is no 
pith. The separate steles may be 
irregularly disposed through the thick- 
ness of the stem, or they may be 
arranged in a more or less ring-like 
manner. In the latter case the cen- 
tral tissue must not be confused with 
the pith of a monostelic stem. The 
separate steles frequently anastomose 
with each other, fonning an irregular 
network which can readily be seen 
after destruction of the soft tissues 
by maceration. Two varieties of the 
arrangement occur. In the first, 
which is known as dialyately^ the 
steles remain for the most port inde- 
pendent, so that a transverse section shows them separate or 
fused two or three together (fly. 760). In the second the steles arc 
arranged in a ring, and are close together. Many of them fuse 
together laterally, giving the appearance of an almost complete 
ring of vascular tissue, simulating the appearance often of the 
ring of collateral bundles of the dicotyledonous type of monostelic 
stem. As they fuse, the- endodermis and pericycle on their 
lateral faces disappear, and the parts of those layers behind and 
in front of them become continuous. The ring of tissue can be 
distinguished from the ring of the dicotyledonous stem by the 


Fig. 762. 



/'tf/. 7Glf. (irowiiiff point of 
of Eiiui^etvm artemt'. 
X 260. a. Aj)ical coll, 
h, c. Suoccsalve wjgjuents 
cut off from it. 
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presence of internal eudodermis, pericycle, and phloem layers 
(>V/. 761). 

This mode of jirrangcment, known as gamodehf.M mett 
with in ceitain Uoriis, especially Manilea^ and in some species 
of Auric ida among Phanerogams. 

The conjunctive tissue in both polystelic and schizostelic 
steiuB is partly derived from the periblcm and partly from the 
pleromc. Their growing points are generally furnished with an 
apical cell (Jig. 762, «), though sometimes they have a small - 
celled meristeni. 



CHAPTER V. 

THE STKUOTUUE OF THE HOOT. 


Unukb the stem, the root in the Plmnerogains always arises 
in the interior of the tissue of the embryo. In the youn^y embryo, 
whose formation was spoken of in connection with the seed 

Fig. 763. 



Fig. 763. rolygonum Fagopyrum. Hoot aix'x, uiciliiiu longitiulinal section. 
a. Apical meristem. pc. Perieyclc, outaule boundary of tlie plerome. v. Hutli- 
moiit of a vcBsel. e. Derniatogcn. Ikjtwocn jk' and c, iieriblom. h. lloot-oap. 
After Do Bary. 

(page 228), the lower apex is coTered by the suspensor. The 
first root arises at the junction of the two, at least one cell of 
the suspensor taking part in its formation, as will be described 
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later. The apex of the root consists of a mass of merismatic 
tissue in which the demiatogen, periblem, and pleroine can be 
distiiignished. Tlie separate histogcnic layers are froquentl.f* 
more disfinct than in the case of the stem. The dennatogen 
divides into a number of layers, the outermost of which form 
a many-layered epidermis known as the root-cap (fig, 768, h). 
In most Dicotyledons the innermost layer is continued back- 
wards over the surface, and forms the so-called layer. 

In most Monocotyledons the dermatogen docs not persist far 
from the apex, and the external layer above the point of its 
disappearance is the outer layer of the periblem. Tliis external 
layer, whatever its origin, is known as the epihlema, and the 
special absorbent structures of the root, the root-hairs^ are 
developed from it (fig, 711). 

The periblem of the root gives rise to a cortex which persists 
for a longer or shorter time. Its cells are generally parenchy- 

Fig. 764. Fig. 766. 


Fig. 764. Endodermis ainl pericycle of root of Irix ftorfintina. end. Eiido- 

dermls, p.c. Passage cell, pe, Pericyole. Ft(j. 766. Endwlermin of 

root witli cogged thiokcniiig, 

matous with thin walls, and there arc many intercellular spaces 
among them. The hypodermal layer is known as the exodermis^ 
and its cells are frequently thickened as already described (fig, 
718). The endodermis is well marked, and its cells arc usually 
thickened considerably. When, as in Iris fiorentina^ the thick- 
ening is regular round the internal and radial walls, there are 
certain cells, the passage cells, left unthickened (fig, 764, p.c.). 
Very frequently the thickening is deposited in the form of the 
band described at page 828, the separate thick portions somewhat 
resembling the projections of a cogged wheel (Ug. 765). The 
thickenings are cuticularised in both cases. In Equisetum the 
endodermis is two layers of cells thick. 

The stele or central cylinder differs in many importan 
particulars from that of the stem. The pericycle is usually onh 
one layer of cells in thickness, though in the Gjmnosperms an( 
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Borae few Dicotyledons it is many-layered. It is absent from the 
roots of Equisetum. Its cells arc parenchymatous ; it does not 
show so much differentiation as it does iji the stem, rarely con- 
taining, when more than one layer of cells thick, any additional 
form of tissue except secretory ducts. When thickening of the 
roots occurs it gives rise to certain inerismatic layers which 


Fio. 76G. 



Fia. 760. Section of stelo of root. After Kny. en Eu.lodermlR. pe Pen- 
cycle! ^Xylem baiidlea, the pro+oxylem, a-,, abutting on the porioyolc. 
ph. Phlol^in bundles alternating wltiijthejbundle? of xyleui. p. Pith, or 
conjunctive tissue of the stele. 


take on important share in the process. The vascular bundles 
vary in number, but the bast and the wood are never conjoined ; 
they lie side by side with each other, on separate radii of the axis 
with a little conjunctive tissue between them. They are first 
noticeable as procambium strands, and gr^ually take on the 
form of their permanent tissue. In the differentiation of the 

B B 2 


372 


MANUAL OF BOTANY 


latter, the protoxylem as well as the protophloem is situated on 
the outer face of the bundle, so that the development is always 
centripetal (fig. 766, a*). This constitutes a further important 
distinction \)etween the root and the stem. 

The stele of the root does not usually contain any pith, the 
xylom bundles becoming united towards the centre. When pith 
is present the walls of its cells are often lignified, so that the 
centre of the stele is a hard woody cylinder. 

The number of the xylem and phloem bundles varies, being 
usually much greater in Monocotyledons than in Dicotyledons. 
Generally there are as many of one as of the other. When only 
two of each are present the mass of wood fonnod by the union 
of the xylems extends across the cylinder, forming a plate of tissue, 
and the two bimdles of the phloem lie one on each side of it. 
Such a root is called diareh. When more xylem bundles unite 
to form the plate, corresponding terms are used to describe it ; 
thus we have triarchy tetrarch^ polyarch roots. These tenns 
were originally used when it was considered that the central mass 
of wood was a single bundle, with several points of origination of 
the differentiation. 

The roots of Dicotyledons and Gymnosperms do not contain 
any meristem homologous with that in the bundles of the stem. 
When they increase in thickness, they do so by the development 
of interfascicular cambium, which arises as a secondary meristem 
in the conjunctive tissue on the inner face of the phloem bundles, 
and which forms wood on its inner face and bast on its outer 
as in the stem. These interrupted strands of cambium are a 
little later connected together by a similar meristem arising in 
the pericycle. The cells of the latter divide so as to form two 
or more layers in thickness behind the primary xylem bundles, 
and the inner layer becomes merismatic. In this way a sinuous- 
layer of cambium is formed, which becomes circular as growth 
proceeds. The further development is similar to that of the stem. 

The behaAdour of the cambium ring is not uniform in dif- 
ferent plants. In some it forms wood and bast opposite only to 
the original phloem bundles, giving rise to parenchyma behind 
the primary xylems (fig, 767). Thus a broad medullary ray 
alternates with strands of secondary vascular tissue, as in Vrtica^ 
Cucurhitay and many other plants. This is very prominent 
generally in fleshy roots. Frequently in the latter, in the width 
of this ray, separate intermediate strands of vascular tissue occur. 
In other cases the cambium forms bast and wood opposite to 
both primary phloem and primary xylem. 
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In Monocotyledons and Vascnlor Cryptogams no cambium 
layer is developed in the roots, which consequently increase in 
thickness only very slightly. 

Coincidently with the development of the secondary vascular 
tissue in the stele, a phoUogen layer arises, usually in the pericycle, 
though sometimes in the cortex, which fonns cork externally 

Fig. 767. 



Fig. 7G7. Beotiou o£ root sliowiiig secondary tUickciiinp. en. Einlo(lermis. 
P.X. Primary xylem bundle'^, Primary phloem bundle. Mas^ 

of secondary xylem formed rppOr'Pc to the latter, c. Cuuibiiuii. (»ppOKlm 
to the primary xylem the cambium has formed parenchyma only, consti- 
tuting large secondary medullary rays. After Kuy. 


and phelloderm on its inner face, as in the stem. The tissues 
external to this periderm formation dry up and are thrown off, 
so that the exterior of the root is covered by a layer of cork, 
usually of stelar origin. The phellogen continues active for 
some time, and then becomes either cork or permanent paren- 
chyma. A new phellogen subsequently arises in the new -formed 
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phellodenii, which behaves as did the first. Later phellogens 
are successively formed still more internally, till the last-formed 



one may be separated 
from the cambium 
ring by the youngest 
bast only. In this 
way a bark is formed 
in the root very simi- 
lar in composition to 
the same structure in 
the stem. Like that 
of the stem it often 
becomes irregularly 
cracked and fissured; 
sometimes it is shed 
annually after the man- 
ner of scale bark. 

The branches of the 
root, like the main root 
itself, arise endoge- 
nously. In all flower- 
ing plants they are 
developed from the 
pericycle, and bore 
their way outwards 
through the cortex. 

The number of rows 
of branches produced 
from a root corresponds 
to the number of pri- 
mary xylem bundles^ 
one being usually 
formed outside each. 
At a very early stage 
in the development of 


768. TraiiflvcTBe section of root of Nesperis, to 
show u i-ootlet at two sUigtH of development. 
7*/». Rt>()t hairs, ec. Cortex, </. Cells In process 
of absorption, ct*. Endodermis. pe. Pericycle. 
CO. Conjunctive tissue, ph. Phloem, g. Oambmm. 
.t. Xylem. c. Dermatogen of rootlet; p. its peri- 
blein ; pi. its pleroine. After Van Tieghem. x 260 


the primary root a 
group of cells can bo dis- 
tinguished in the peri- 
cycle which elongate 
in the dir<‘ction of the 


circumference 7fi8j. They divide then by tangential walls, 
forming a layer two cells deep. The inner one of theic is the 
layer >\hich gives rise to the plerome of the new root. The 
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outer one divides again into two, which aj:e the initial layers 
of the periblem and dermatogen respectively. The little mass’ 
#continues to grow, becoming conical, and gradually working its 
way to the exterior, absorbing by a kind of digestive process the 
cells of the cortex of the main root as it advances. 

Tf the stele contains more than two xylem bundles, a row of 
lateral rootlets usually arises at the hack of each. If only two 
are present there are generally four rows of rootlets which are 
placed in pairs, one a little on either side of each xylem mass. 
In the Grasses and a few other Monocotyledons they arise 
opposite to the phloem bundles, as they do also in some 
Dicotyledons, where a resin-duct lies in the peric,>cle behind 
each xylem bundle. 

In most Vascular Cryptogams the meristem of the apex is 
characterised by ihe 
presence of an apical 
cell 769, v). This 
has the shape of a four- 
sided pyramid, the base 
facing outwards. From 
each face in succession 
segments are cut off, 
which by subsequent 
divisions give rise to 
the tissue of the root. 

After each division the 
apical cell grows to 
its original size before 
cutting off the next 
segment. The segment 
parallel to the base of 
the pyramid originates the root-cap, which is a many-layered 
epidermis, as in the former cases mentioned. The dermatogen 
in these plants does not produce any part of the covering of the 
root, the latter being composed of the outer layer of the cortex. 
The segments cut off from the other faces of the apical cell 
divide by anticlinal and perichnal walls, fonuing a mass of 
tissue in which the limits of periblem and pleroine soon become 
apparent. The innermost layer of the former becomes the endo- 
derrais, the outermost layer of the latter, the pericycle, except 
in certain cases already mentioned, in which this layer is 
not differentiated. The endodermis is then composed of two 
layers. 


Fig. 769. 



/Vf/. 769. Longitudinal i^wtion through root of 
/Yerw fumtata, sliowing apical region, v. Apical 
cell, from which are developed the tissue of tin* 
subBtaiice of the root, c, c, and the root-cup, 
ky ly rtty n. After Sachs. 
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The lateral roots in the Vascular Cryptogams do not originate 
in the pericycle, but in the cndodermis. A cell of the latter, which 
is opposite to a xylcm bundle of the main root, cuts out of itself^ 
by four siiccessive divisions, an apical cell which gives rise to 
the tissue of the lateral root. The latter bores its way through 
the cortex of the primary root in the way already described. 
The pericycle takes no part in the formation except to contribute 
the cells which connect the vessels of the lateral with those of 
the primary root. 

In the Lycojjodiaccce no lateral roots arc produced ; the 
main root sometimes branches dichotomously, the growing 
point dividing into two equal ones. 

Wlicn adventitious roots arc formed from the stem, they 
usuaUy originate in the same way as the normal lateral roots : 
in the Cryptogams from the endodermis ; in the Phanerogams 
from the pericycle, as already described. In a few rare cases 
they arise exogenously like the branches of the stem : this occurs 
when they are developed in connection with adventitious buds. 

The so-called liaustoria, or sucking roots, of parasitic 
Phanerogams, are developed from the periblem. 

The stem and root forming together the axis of the plant, the 
tissues of the one are continuous with those of the other. The 
structivre is, as we have scon, different in the two parts. Between 
them there is therefore a region in which the arrangement of 
the tissues of the one gradually changes into that of the other. 
This is in the so-called hypocotyledonary portion of the axis, or 
the part lying between the root and the insertion of the cotyle- 
dons. In Dicotyledons the epidermis of the stem is continuous 
with the piliferous layer, which we have seen is generally the 
iimer layer of the dermatogen, the outer layer of which forms 
the only true epidermal portion of the root, the root-cap. In 
Monocotyledons the epidermis of the stem is at first continu-' 
ous with the epidermis of the root. The latter, however, soon 
separates and exfoliates with the outer layers of the root-cap, 
leaving the external layer of the periblem naked. The latter 
becomes the piliferous layer. 

The endodermis and pericycle of the two regions pass directly 
into each other, and the intermediate cortical tissues are similarly 
continuous. 

The vascular bundles of the root become continuous with 
those of the stem, but the two constituents change their posi- 
tions considerably. 

In the commonest case each of the xylem bundles of the root 
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divides into two, and the separate halves diverge to the light and 
left, twisting as the,y proceed, till the protoxyleiii, at first on the 
>outer face, becomes internal. The phloem bundles also bifurcate 
and diverge as do the xylem ones, passing gradiu^y a little 
towards the exterior. Soon the left strand of a phloem bundle 
is found to be exactly behind the right strand of the adjacent 
xylem bundle, the two forming thus an ordinary collateral bundle 
which passes perpendicularly up the stem. The xylem and 
phloem bundles of the stem are thus twice as numerous as those 
of the root, though by the fusion of the separate strands of bast 
and wood the number of conjoint collateral bundles of the former 
corresponds with the number of separate bundles oi the latter. 
The phloem strands do not twist in their course, so that the 
protophlocm remains external. 

Less frequently the i^hloem bundles pass straight up into the 
stem without branching. The xylem bundles branch, diverge' 
and twisi as in the fonner cas(‘. The right and left lialves of 
two contiguous xylem bundles meet in front of the continuation 
upwards of the phloenj bundle originally between them, fuse, 
and become the xylem portion of the conjoint bundle. 

In a third case the xylem bundles do not branch, but as they 
pass upwards twist as before throng] i an angle of 180'^. The 
phloem bundles branch and diverge, the halves of two contiguous 
ones fusing together behind a xylem bundle and uniting with it 
to form the conjoint bundle. 

In some plants, particularly among the liosaeea^t the roots 
give rise to adventitious buds. Instead of tlieso being ovogc'nous, 
as when they spring from the stem, they originate deep in the 
tissue. They arc derived from the pcricyclo like the lateral 
roots, and bore their way out in the same way as the latter. 
Linaria shows an exception to this mode of origin, as its radical 
buds arise from the epidermis. 
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CHAPTER VI. 

THE STRUCTURE OF THE LEAF. 


The leaf, or phyllopodium, arises as a little outgrowth from the 
stem in close proximity to the growing point (fig. 770, Z), It 
generally follows in its method of origination the mode of for- 
mation of the nieristem of the axis ; if the latter has an apical 
cell, the leaf is similarly constructed; if there is a small- 



celled meristem in the stem, 
the leaf also has no apical 
cell. The tissue of the leaf 
arises from the dermatogen 
and the periblem, both of 
which produce a number of 
cells causing the projection. 
In further development the 
dermatogen gives rise to the 
epidermis, and the periblem 
to the internal tissue, the 
plerome of the stem taking 
no part in its formation. 

Like the stem the phyllo- 
podium may be monostelic 
or polystelic. In either case 
the meristeles or separate 
steles of the leaf become 
united with the stele or 
steles of the axis by changes 
in the cells of the periblem 
which lie between the axial 


stele and the insertion of the 


leaf. The endodenuis and the pericyclo of the two members be- 
come similarly continuous with each other. As the leaf grows, 
it assumes the shapes already described, by variations in the 
distribution of growth, part or all of the projection becoming 
dattened or winged. Usually the three regions described as 
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hypopodimii, mesopodiiim, aiid epipodium become separately 
recognisable. The growth is for a time apical, but this soon 
tjeases, except in Ferns, and the further development is caused 
by basal or intercalary growth. $ 

The structure of the axis of the leaf differs materiall}^ 
from that of the winged outgrowths from it. . In the epipodium 
the wings are usually much greater in extent than the axis 
which bears them, so that the structure of the latter is soon 
lost, and the leaf-blade when seen in section comes to appear 
altogether different from the rest of the phyllopodium. 

Tlie Meapodium or Fetiole . — The axis of the phyllopodium 
is most readily examined in the intermediate region, or petiole, 
which seldom becomes winged. A section in this region has 
a somewhat flattened or slightly concave upper surface and a 

Fig. 771. 

A B 



Fi{}. 771. Sectioua of t\^o types of pliyllopotlium. Tjj a the bumllos uic 
arranged separately, each having its own endodernns, eU., and iierieyole, />. 

Til n they are arranged in u ring in the meristele willi ii coimnon endo- 
(lermis and perieycle. After Van Tioghem. 

larger convex lower face (Jif/, 772). The same regions can be 
distinguished as in the stem, viz. an epidermis, a cortex, and a 
certain amount of stelar tissue. 

The epidermis is similar to that of the stem : its cells are 
frequently prolonged into hairs ; generally stomata are present. 
The cortex is usually composed of elongated parenchymatous 
cells with nmnerous intercellular spaces. Chlorophyll grains 
ai*lD present in the external layers. The tissue is often found to 
contain hypodermal layers of collenchyma or sclerenchyma, 
which may be continuous with similar layers in the stem or 
may be peculiar to the petiole. 

In a few leaves, e.ff. those of Hoya carnosa, the petiole 
contains a layer of cork throughout its length, a little below the 
epidermis. 
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If the stem is polystelic in its arrangement, the leaf may 
receive one or more complete steles from it. Each has then 
the same structure as that of the axial steles, possessing a perk 
cycle and being surrounded by an endodermis continuous with 
those of the stem. If the stem is monostelic, each leaf contains 
one or more steles,. usually called meristeles^ which by subsequent 
differentiation of the tissue of the periblem of the stem become 
imited with the stele of the latter. The vascular bundles in 
each meristele may be surrounded by a general endodermis and 


Fig. 772. 



Ft{/. 772. Mesopodliini (petiole) of I*?'tmula with a single meristele. t>p. 
Epidermis, co. (’ortex. eri. Endodermis. pe. Pericyclc. PhloUm. 
j:. Xylem. 


pericyclc (Jiff. 771, b), or the meristele may be replaced in a 
Bchizostelic manner by a number of strands, each consisting of 
a single vascular bundle with endodermis and pericycle enclosing 
it (Jig. 771, a). In either case the pericycle very frequently 
contains a good deal of sclerenchyma, forming strands behind 
or in front of the bundles. Barely schizostelic structure is found 
in the petiole of a polystelic stem, as in Auricula. 

We may find different modes of arrangement of the bxmdles 
in the meristele. In the first and most common case they do 
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not form a complete ring, but an arc not closed towards the 
upper surface {fig. 772) : hence is derived the term weristeU. 
¥he separate bundles have their bast towards the lower, and wood 
towards the upper, face of the petiole. They have a^cominon 
endodermis and poricycle. In the second case there is a com- 
plete ring, but the bundles are much smaller-on its upper side 
{fig, 771, b). The orientation is then similar to that of the 
stem, the wood being nearest the centre of the circle, and its 
development centrifugal. 

When there are more nieristeles than one in the phyllopodium, 
the central one is usually the largest. There are frequently 
three, the two lateral ones being of small dimensions. 

The composition of the bundles is the same as that in the 
stem from which the leaf proceeds, being collateral, bicollateral, 
or concentric. 

In the petioles of Ggcm the differentiation of th('. bundles is 
not the same as that of the stem bundles, the protoxylcni of 
the former being internal but near the outer face, so that the 
development of the primary wood is mainly centripetal. 

Secondary thickening is very rare in tlie phyllopodium : it 
does occur, however, in a few' families, owing to the persistence 
of a cambium layer in the usual position in the bundles. I’hc 
formation of secondary vascular tissue is but slight, and ceases 
when the leaf has reached its full size. It is less in the lamina 
than in the petiole. 

The hypopodium in deciduous leaves is the seat of a meris- 
matic formation which leads to the seiiaration of the leaf from the 
stem. A layer of cells extending completely across the phyllo- 
podium, usually exactly at the base of the leaf-stalk, divides 
several times so as to form a thin sheet of delicate thin -walled 
cells, and by the absorption of the middle layer of the sheet the 
two parts become separated and the leaf is cut off. 'J'he 
ruptured surface is found to be covered by a layer of cork. 

Tlie Leaf-blade . — When the epipodium of the leaf remains 
unbranched, it is continuous in a straight line with the petiole 
if the latter is present. The central axis of the leaf-blade 
much resembles the petiole, but is rather more flattened. Its 
lateral margins are continued outwards as a winged expansion. 
The continuation of the petiole forwards constitutes the midrib, 
and, as might be expected, the structure of the two is essentially 
similar (compare 772 and 773). 

The epidermal and cortical tissues are continued onwards 
from the one to the other without any break, and if the petiole 
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contains bands of collenchyma or sclerenchyma these are found 
in the midrib also. The vascular bundles send out branches 
into the wiiif^s, the distribution of which varies with the dimen^ 
sions of the latter. 

If the epipodium is branched, the branches may remain 
distinct or their wings may be fused together to a very variable 
extent. The secondars’ axes are generally distinguishable as 
ribs much like the midrib, and possess a similar structure. If 

the branching is cymose, 
there is no main midrib, 
but several spring from 
the junction of petiole 
and blade. As before, 
these have a structure 
very similar to that of 
the petiole. 

As the termination 
of the main axis or any 
of its branches is ap- 
proached, the axial 
character becomes less 
and less conspicuous, 
till it is indistmguish- 
able from that of the 
wings with which it is 
continuous. Where the 
fusion of the wings has 
taken place, the vas- 
cular bundles from the 
different axes frequently 
anastomose with each 
other, forming a com- 
plicated network in 
which the bundles ter- 
minate either separately or in the form of a meshwork. 

The transition from the structure of the petiole is thus a 
gradual one, the successive axes becoming more and more 
flattened till they lose altogether their cylindrical character. 
The epidermis is continuous over the whole surface, and is not 
much altered ; the cortex peculiar to the axis becomes graduaUy 
replaced by that peculiar to the flattened wings ; the vascular 
elements are gradually attenuated till only a few trEWjheids re- 
main conjoined with a limited amount of soft tissue, continuous 


Fid. 778. 



Fig 773, of midrib of leaf of ]*i'imnla. 

ep. Epidermis, ro. CortCY. rn, Eiidodermis. 
pe. rcricjole. PliloL-m. a. X\leiii. 
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with the bast. The endodermis of the stoics or mori steles can 
often be traced forwards almost or quite to Iho teriiiiuation of 
^he bundles. 

The character of the fibro- vascular bundles usually remains 
unchanged ; in most Ferns, however, the originally concentric 
bundle loses the bast upon its upper face, and so becomes col- 
lateral. 

The leaf-blade so constnictcd shows an epidermis which is 
continuous with that of the petiole, and which extends over the 
whole of its surface. It is usually only one layer of cells thick ; 
the cells are somewhat brick-shaped on section, and have their 
outer walls generally cuticulariscd to a gi’eater or icss extent. 
In thick coriaceous leaves the outer part of the cell- walls of the 
epidermis can often be stripped off in a continuous laj’cr, known 


Pig. 774. 


Fio. 775. 




Fig. 774. Vi'rticftl section of the epi<1ermis of J/oiia canwsn tiTaUnl with 
caustic t>otash, a. TIjc <letaclnMl cuticle, h. The iiart.ially ciiticnlarised 
layers of the outer walls of the epulernml cells. Alter Voii Mohl. -- 
Fig. 776. Threo-layorcMl epidenuis of leaf of Ftcm ehuttau 


as the cuticle ( fiy. 774). In some leaves the epidennal cells 
divide by walls parallel to the surface, and the epidermis 
becomes composed of several layers of colls (.AV/* 775). Viewed 
from the surface the epidermal cells arc sometimes square or 
oblong, sometimes much sinuated in shape. Generally in the 
higher plants the cells of the epidermis contain little more than 
water; in some plants, especially in the Ferns, chloroplasts arc 
present. 

In aquatic plants the external walls of the epidermal cells 
are not cuticulariscd. 

The epidermis in all the higher plants is furnished with 
stomata, which ore variously disposed. In the leaves of soft 
herbaceous plants these openings arc present on both surfaces of 
the leaf ; those of hard woody plants have them generally only 


884 


MANUAL OF BOTANY 


ric4. 776. 


on the lower face ; in submerged leaves there are none ; in 
floatingdeaves they are confined to the upper surface. 

In many leaves water stomata are present which remain % 
permanently open. In some, again, there are passages or cracks 
among the cells, which can hardly be described as stomata. 
These irregular apertures, like the true water stomata, serve for 
the emission of drops of water. 

In some leaves, as in the Oleander (NeritiiTi oleander) and 
Banlma, the stomata are seated in pit-like depressions on the 
under surface {fid. 776). 

The cells of the epidermis when the latter is many-layered 
sometimes contain the eystoliths already described {fig. 775). 

Within the epidermis of the winged portions of the phyllo- 
podinm is the mesojohyU of the leaf. This is variously arranged, 

giving two main types of struc- 
ture, known respectively as the 
dorsi-ventral and the iso-hila- 
teral: of these the first is the 
commonest form {fid> 777). It 
has derived its name from the 
fact that the tissue is of different 
character towards the upper and 
lower surfaces. Immediately 
under the upper epidermis the 
cells arc oblong, and are arranged 
with their longest diameter at 
right angles to the surface of the 
leaf, constituting the so-called 
jmlisade par C7i city ina. The cells 
contain large numbers of chloro- 
plastids or chlorophyll grains.. 
Sometimes there is only a single 
layer of these cells, but often there are several. The cells are 
ari’angod close together, and have relatively few intercellular 
spaces among them. 

The lower half of the mesophyll is made up of the so-called 
spongy parenchyma. The cells are of irregular shape, and are 
often arranged so as to be in contact only at portions of their 
surfaces ; the tissue is consequently much less dense, and large 
intercellular spaces or lacunae are present : there is always a 
conspicuous lacuna under each stoma. 

The cells of the spongy parenchyma, like those of the pali- 
sade tissue, contain chloroplasts ; but these are relatively less 



Ftg. 77G. Vorticrtl section tlironpli 
the Iwif of a Hank am. a, a. Kpi- 
(Icnnis. c, SporiKifonn pareiieliynm 
h. Hairs which arc eoiituiiicd m 
little (IcprcssioiiH on the under sur- 
faco of the loiil, and at who^c banc 
jioculi.ar stomata aic found. After 
.Sclileidcn, 
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numerous, causing the under side of dorsi-xentral leaves to 
appear usually a lighter green than the upper side. lii Ferns 
the differentiation of the niesophyll into these two layers is 
very feebly marked. The vascular bundles are disposed betu ecu 
the two layers of the mesophyll. 

Fio. 777. . 



sf i.s. 

Fifh 777. Section of lo^if-bladc of tiela vtUqaru, x SlK). t-p. Kpidcimi^. 

(u. Ciiticlp, p.pa. PaUsttde parciicliv ma. vjb. Vascular btiudlc, tUe xyliou 
beintf iipiwruiost. Si>oiij<y parenchyma. $t. Stoma in the lower 

epidermis. U. InterceUular t<pace oommunlcnting ^Ylt]l stoma. 

In the iso-bilatcral type there are two layers of palisade 
parenchyma, one on each face. The spongy mesophyll is much 
less conspicuous, and occupies the space between them. These 
leaves are frequently supplied whh bands of sclerenchyma, which 
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extend from the epidermis inwards, often forming a thick sheath 
round tke bundles, and reaching from one epidermis to the 
other. 

A third type of leaf is characteristic of most succulent plants. 
The phyllopodium is often cylindrical, and when flattened it can 
hardly be said to be* winged. This is known as the centric leaf. 
Its internal tissue is more or less homogeneous. The cells are 
usually elongated like those of palisade parenchyma, and have 
between them narrow intercellular spaces. The chlorophyll is 


Fig. 778. 



most abundant in the outer layers. Frequently tannin sacs are 
present. The cells are all very turgid, from the presence of 
water, 

A particular form of the centric leaf is found in some of the 
Conifers. It is somewhat awl-shaped, andin section appears plano- 
convex (fig, 778). The epidermis is thick-walled and has stomata 
on all its surfaces, the guard-cells of the latter being usually de- 
pressed below the surface. The mesophyll contains a layer of 
sclerenchyma on its exterior, which at the margins of the leaf 
consists of a number of cells flUing up the angle of the section. 
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The other cells of the mesophyll are sinuous in outline, afed theii; 
walls show curious projections of cellulose into the ^interior. 
They contain the chloroplasts. In the centre is a well-marked 
endodermis enclosing a many-layered pericycle and^^8ually two 
vascular bundles. These are exceptional in containijig a layer 
of cambium between the wood and the bast. The pericycle is 
also peculiar: it contains a number of trachcids which abut 
upon the xylem, and serve to convoy water from the latter to 
the mesophyll of the leaf. They are spoken of as iramfusion 
tissue. The phloem is in contact with a number of cells con- 
taining a somewhat dense protoplasm. Besides tlu'so a band 
of sclerenchymatous fibres is found at the back of the phloem. 
This transfusion tissue is a special mechanism whicli is needed 
in these leaves, as the ultimate ramifications of the vascular 
bundles are not in apposition with the cells containing the 
chloroplasts. 

The mesoph^>ll of the leaves of the Conifers contains also a 
varialde number of resin -ducts of similar structure to thc)S(! of 
the stem. 

The vascular bundles of the leaf-blade, as we have seen, are 
the continuations of those of the axis of the phyllopodiuin. If 
the axis is monostelic or polystclic, as the ramifications proceed 
the bundles ultimately become isolated, and the blade is there- 
fore astelic or schizostelic. Outside the stdes or tlie scpjirate 
bundles, traceable for a varying distance, is often a bajid of 
sclerenchyma or coUenchyma, extending in the main ribs to the 
epidermis of the lower surface. As the bundles are traced 
further and further from the axis they get thinner and thinner, 
gradually losing the distinctive characters of their woody and 
bast elements. The woody part persists furthest, and ultimately 
consists only of a few tracheids. They end generally in plexuses, 
or with free terminations among the mesophyll parenchyma. In 
some cases a peculiar structure, known as a water-fjlayid^ lies in 
the mesophyll between the epidermis and the end of the bundle. 
These bodies consist of a mass of small cells with thin walls, 
usually covered by a sheath which is continuous with the endo- 
^ dermis of the bundle. The tracheids of the bundle terminate 
abruptly at the lower end of the gland. One or more water 
stomata pierce the epidermis over the latter. Sometimes a 
water-gland is found above a mass of tracheids formed by 
the fusion of several bundles. 

In certain leaves, especially the bud scales of the Conifers 
and those of the Horse-chestnut, there is usually a layer of cork 
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underlying the epidermia. The formation of cork is, however, 
very rari; in leaves. 

The structure of the outer floral leaves differs but slightly 
from that o! the foliage leaves described. Bracts and sepals arc 
only very little moditiod, the chief difference being the general 
absence of sclerenchyma. The upper as well as the lower epi- 
dermis, as a rule, contains stomata. When the sepals are fused 
to form a gamosepalous calyx, sometimes the fibro-vascular 
bundles of the separate leaves anastomose freely, sometimes 
they remain independent. 

The petals are generally more altered ; the epidermis is 
often papillose and its cells filled with various colouring 
matters. Tliere is no difterentialion of the mesophyll into 
palisade and spongy parenchyma, and the vascular bundles are 
much reduced. 

The stnictiire'of the sporophylls will be best discussed in the 
succeeding section. 
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AnAMLK embryo, 2G8 
Abortion in the Uowor, 132, 
136 

Aennleacent plants, 79 
Accessory buds, 36 
Accrescent, 166 
Acerose leaves, 71 
Acbainium, 242 
Aciiene, 242 
Acblaniydeons, 137 
Acicnlnr leaves, 76 
' - rupliides, 294 
Aeroitotal exiiansion of 
flowers, 108 

Acroi»etal buccession, 19 
Actmomorplnc, 131 
Acuminate, 70 
Aento, 70 

Acyclic flowers, 145 
Adherent cal} x, 152 

— ovary, 192 
Adhesion, 142 
Adnate anthers, 1 71 
Adventitious buds, 34 

— roots. 19 

origin of, 376 

Aerial bulbs, 49 
Estivation, 203 

— circular, 204 

— cochlear, 205 

— contorteil, 206 

— convolute, 205 

— eomigatod, 204 

— crumpled, 204 

— imbricated, 204, 206 

— indnplicate, 204 

— (jninouncial, 205 
~ reduplicate, 204 

— Biflral, 206 

— valvate, 204 

— vexillary, 205 
Aifgregatcd fruits, 242, 256 
Aiie, 168 

Albumen, 268 
Albuminous, 268 
Alburnum, 366 
Aleurone grains, 292 
Alternate leaves, 80 
Alternation of generations,! 1 i 


AmbUporangiute, 165 
Amentaceous plants, 1 10 
Amentiferous plants, 110 
Amentum, 109 
Arnino-aeido, 296 
Amplu«nrca, 247 
Amphitropona, 210, 269 
Amplexieaul, 53 
Ain\ loplast, 289 
Anastoinosjs : tlie union of 
origiuaJIy separate bands 
or strands to form a net- 
work. 

Anatomy, 2 
Anatroiams, 210, 268 
Andnecium, 128, 166 
Andropliore, 178 
Angular divergence of 
leaves, 81 

Annual herbs, 20, 38 

— leaves. 61 

— rings, 364 

Annular vessels, 312 
Annulated roots, 23 i 

j Anteposition, 139 I 

Authela, 108 
Anther, 128, 169 
Anthendia, 222 1 

Antherozoids, 220 
Antliesis, 206 | 

i AntlioeariKms fniits, 242, , 
j 266 

Aiitbodium, 116 | 

Anticlinal, 304 
Autidromy : a term used to 
indicate a condition of J 
spiral ph^dlotaxis, such 
that the genetic spiral I 
changes its direction after 
completing each cycle, 
126 

Antitropous 212, 269 
Apetalous, 136, 166 
Apical cell, 306, 368, 876 | 

— style, 199 

Apocarpous, 140, 186, 282 i 
Appendiculate, 167, 172, 178 
Aquatic roots, 28 
Aqueous tissue, 829 


Archctroula, 216, 222 
Arcliicarp, 225 
A nll<Kle, 261 
Arilliis or aril, 260 

— clialazal, 261 

; — micropvhir, 261 

— raitlnaii, 261 
; - true, 261 

Articulated, 27 
Asceiiiling, 37, 107 
Ascidia, 89 
Aspuragin, 296 
Astoly, 337 
Axymmetrlcnl. 131 
' Atropous, 210 
Augmentation, 133 
Anncnlate, 63, 73 
Axil of leaf : the angle 
I iKstw'cen 11 10 ^teni and the 
leaf base, 27, 61 
I A\ile idacentation, 196 
I Axillary, 61 
. — flower, 1 J8 

I 

Bac'C\, 247 
Balansta, 249 
Bark, 366 

— of root, 374 
Basal wall, 12 
Basi fixed, 171 
Basilar style, 1 99 
Busipetal, 62 
Bast, 339 
Berry, 247 

Bi collateral bundles, 342 
Bicrenate, 08 
Biennial herbs, 21, 38 
Bifoliate, 76 
Bilabiate, 162, 169 
Binary, 130 
Binate, 76 
Bipinnate, 76 
Blpinnatifid, 61 
Bipinnatipartite, 61 
Bipinnatisected, 61 
Biserrate, 67 
Bisexual, 166 
Bloom of fruits, 286 
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liorderedV its, 282 
BotryoseJhacemose, 107 
Houghs, 3(\ 

Bract, 09 
Bracteate, 100 
Bractcolca, 99 i 
Bractlets, 99 
Branches, 30 

— of root, 18 
Brancldiig, 30 
Bud, 2H * 

Budding, 93 

— of yeast, 300 
Jhill), 40 
Bulbd, 49 
Biilhlet, t9 
Bush, 38 


CAinieoiis, 51, 154, 1G5 
(^idcarate, 1G2 I 

(’alceolate, IGO j 

Callus, 350 

— of sieve tube, 313 
(^ilyptrat-c, 155 
(Ndyv, 128, 150 
Caiubinin, 339, 340 

— m leaves, 381, 387 
Campauulatc, 152, 158 
C.unpylotropoua, 211 
Cam* sugar. 295 
Capitatt* stigma, 2u3 
Capitiiluiii, 115 
Cai)sule, 251 

— of moss, 96 
Carbohydrates, 278 
( '.ireerulo, 240 
('anna, 158 
('ariK-lfl, 97, 128, 183 
Carpophore, 140, 200, 210 
Caruncle, 261 

Caryophyllaccous corolla, 
157 

Caryopsip, 243 
(’ataphyllary leaves, 28, 93 
Catkin, 109 
Caudex, 38 
Caudiele, 182 
Caiihne Imndles, 344 

— leaves, 79 
t'aulis, 38 
Oll-division, 297 
Cell-sap, 274, 286 
Cell-wall, 278 
Cellular plants, 5 
(k>llulose, 278 
Centrifugal, 117 
Centripetal, 107, 117 
Centrosonie, 277 
Oentrosphere, 276 
Chalaza, 209 
Chalozal arillus, 261 
Chlorophyll, 276 
Chloroplasts, 276 
Chorisis, 133, 184 
Chromatin, 276 
CUromopliusts, 277 
Chrooxosomes, 298 


Cilia, 278 
Oireinate, 86 
Circular a*stivation, 204 
Circulation, 276 
CircumscissUe deliisceuce, I 
240 

Cirrhiis, 43 ' 

Clododos, 42 
Clftvate, 167 
Claw, 130, 156 
Climbing plants, 37 
Closed bundles, 341 
( doves, 48 
Cocci, 247 

Cochlear estivation, 205 j 

Cirniuithiiim, 116 
Gnenocyi-c, 272 

Cogged thickening in endo- 
diTtnib, 33b, 370 | 

Coliosion, 139 
(Collateral bundles, 340 

— ovules, 214 

(Collecting hairs, 201, 325 
CollenchyuiR, 3bH 
Columella (of fruit), 236 I 

Coma, 269 1 

Commissure, 2 16 j 

Common bundles, 344, 867 ' 

Comose, 269 

Companion cells, 313 
Compound corymb, 112 

— loaf, 69 

— raceme. 111 j 

— spadix, 112 I 

— sjuke, 112 ] 

Coneeiitnc bundles 340, 349 ' 
Oonceptaeles of Fiicus^ 226 
(JoneciitAcnlum, 26b ' 

Condu plicate, 86 

Cone, 127, 144, 253 
Conglomerate rnphides, 294 
Conical calyx, 152 

— leaves, 76 
Conjoint bundles, .340 
Conjugation, 204, 303 
Connate, 63 
Oomiectlve, 169 
('ontorted wstivatiou, 205 
Contractile vatniole, 278 
Convolute, 86, 2b5 
Cordate leaves, 73 
Cork, 331 

—• in cryptogams, 333 

— in leaves, 332, 388 
Conn, 49 

— of Cyclamen, 60 
Cxirmophjtes, 12 
Corolla, 128, 166 
Corona, 129, 164 
Corrugated testivatiou, 204 
Cortex, 328 

Corymb, 108 
Cotyledons, 16, 78, 264 
Creeping stem, 46 
Cremooarp, 240 
Crenate, 68 
Creiiulatel, 68 
Crisped, 08 


Cruciate corolla, 157 
Cnieiform corolla, 167 
Crumpled aistivatlon, 201 
Crystalloid, 293 
Culm, 38 
Cuneate, *2 
Cupnle, 100, 245 
(.hirleil, 68 
Curve-veined, 67 
Curviserial, 84 
Cushion of fern prothallus, 
226 

Cusiiidate, 70 
Cuticle, 320 
Ciitiu, 28^1 

Cylindrical leaves, 75 
Cymose, 32, 104 
— umbel, 120 
Cynarrhodou, 255 
Cypsela, 244 
C> stooarp, 229 
Cystolith, 281 
Cytoplasm, 276 


Dkcipuocjh, 51, 100, 166 
Dccdinate, 167 
Decompound leaves, 62, 76 
Dccumijent, 37 
Decurrent-, 61 
• - leaf, 67 

Decussate leaves, 79 
Dt'diiplication, 133, 134 
Deferred hraiiclies, 30 
Dehuite iullorcsceiico, 104, 
116 

Degeneration, 138 
Dehiseeiiee of anther, 173 

— of fruit, 236 

— eircumseissih*, 240 

— loculn*i(lal, 237 

— porous, 241 

— septieidal, 236 

— septlfragai, 237 

— sutural, 236 

— transverse, 240 

— valvular, 235 
Deliiiueseeut, 39 
Dentate, 68 
Demiatogeii, 319 
Dermatosomes, 279 
Detormiuate iufloresccucc, 

104, 116 
Dextrin, 291 
Diachienium, 246 
Diadelphou^, 177 
Dialypetalous, 156 
Dialysepalous, 150 
Dialystely, 367 
Diaudrous, 176 
Diarch root, 372 
Diastase, 292 

Diaster stage in dirision of 
nucleus, 299 
Dlchasium, 31, 118 
Dichotomous branching, 30 
Dichotomy, 31 
Diclinous, 166 
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Dicotyledonous embryo, 266 
DidynumouB, 179 
Differentiation of bundles, 

-5 of sex in Alffffi, 219 
Dif?itallform corolla, 162 
Digitate, 69 
Dlgyiious, 186 

Dimensions of cells, 295 j 

— of vessels, 311, 312 
Dimerous, 130 
Dimorphic flowers, 179 
Dicecious, 166 

Diplostemonoue, 133, 176 i 

Diplotegia, 263 I 

Disc, 147 1 

Disc-bearing woo<l-cell8, 282 I 
Displacement of parts in the 
flower, 139 
Dissected leaf, 60 
Dissepiment, 189 

— spurious, 189, 230 
Distichous, 81 

Distribution of stomata, 324, 1 
383 

Divergence of lenves, 80 
Dormant buds, 30 
Dorsal suture, 186 
Dorsiflxed, 171 
Double flowers, 145 
Drepanium, 122 
Drupe, 243 
Driifiel, 244 
Dupllcato-dontatc, 68 
DuTHbieu, 355 


Ehhactratf; 100 
Eccentric embryo, 268 
Ectoplasm, 275 
Eleutheropetalous, 140 
Eleutherosepalous, 140 
Elliptical, 72 
Eniarginatc, 70 
Embryo, 14, 228, 264 

— sac, 13, 96, 207 
Embryotegia, 260 
Emergences, 326, 349 
Endocarp, 234 
Endodenms, 330, 849 
Endogenous buds on roots, 

377 

Endopleura, 260 
Endosperm, 217,263 
Endostomc, 209 
Ensiform leaves, 76 
Enzymes, 287 
Epi^sal, 12 
Epiblema, 320 
Epioalyx, 100, 141, 164 
Epicarp, 234 
Epiootyl, 17 
Epidermis, 319 
Eplgynous, 142, 176 
Epipetaloug, 144, 175 
Epiphytes, 23 
Epipodium, 62, 67 

— structure of, 384 


Episjierm, 268 
Equal leaves, 71 
Equatorial plate, 298 
Eiiultant leaves, 00 
— vernation, 88 
Etaario, 244, 264 
Ethereal oils, 293 
Evergreen, 61 
EAHlbnminous seeds, 263 
Kxcurrent, 39 
Exocarp, 233 
Exodermis, 328 
Exostoinc, 209 
Exsertfd stamens, 178 
Extine, 180 

Extra-axillary, 36, 61, 107 
Extra-stelar ground tissue, 
328 

Extrorse, 170 
Eye spot, 278 
Eyes (of tulier), 46 


Faj>!R dichotomy, 118 
Fagciate<l brunches, 36 
Fascicle, 80, 120 
Fascicled leaves, 80 
Fasciculated roots, 22 
Fascicular cambium, 346 
Fats, 293 

I Featbcr-vcincil, 66 
I Ferments, 287 
Pert ill satioii, 214, 303 
Til ires, 6, 309, 310 
Fibrous drinxj, 246 
Filament, 166 
Fimbriated, 166 
Fission, 93 
I Flagella, 277 
Flower, 13, 97, 126 
I — of Equisetum, 127 
I Flowerlcss plants, 8 
I Follicle, 249 
Formation of cells, 298 
Free cell formation, 300 
I Free central plaeentation 
I 198 
I Fronds, 8 
I Fruit, 229 

1 Fruits, aggregated, 266 
I — spurious, 264 
— tnic, 242 
Fugacious, 61, 164 
Fnugus cellulose, 286 
Funiculus 208 
Fusiform root, 21 


Gai^ulps, 264 
Galeatc, 164 
Garaetangia, 222 
Gametes : sexual reproduo 
tiYc cells, 10, 92, 218 
Gametophyte : the plant- 
body which bears the 
sexual reproductive cells,' 
, 10, 92, 214 

I Gamodcsmic, S87, 818 


Oamopetalous, 16J 
GrtiiiophyUoua, l-T 
(lamosepalous, If 
(Inniostely, 368 
Oi'inmo?, 93 
(iemmfttlon,|B00 
fienenil involucre, 101 
Genetic spiral : the sjural 
line tliut can, in cases of 
’ alti'mate pliyllotaxis, be 
drawn roiintl a stem so 
ns to pass in succession 
through tlie bases of tlie 
leaves m the order of tlieir 
development, 81 
Geineiilatc, 168 
Gibbous, 164, 162 
Glandular tls'-ne, 317 
Glaus, 244 
Globoid, 293 
Globose, 162 
Glonierule, 121 
Gbinir>«i, 104, 111 
j troiddaiigia : the organs in 
or on which gonidia i 
deveiopal, 94 

Gonidia ; tJic asexual ropro 
dnetive cells borne upon 
a gametopliyte, 10, 92 
Granulose, 291 
GrajK) sugar, 296 
Growing points, 306 
1 Giianl cells of stomata, 322 
Gum, 286 
— (Eritisli), 291 
j Gynivciniu, 128, 183 
I Gynandrous, 176 
j Gynobasc, 21K) 

' GVnobasic ovary, 200 
I Gynopbore^ 146, 147, 192 
I Gynostemium, 176 


H Allis, 324 
i Instate, 73 

Haustoria : the organs by 
which jiarasites absorb 
nourishment from their 
host-plant, 24, 376 
i Head, 116 
j Heart-wood, 366 
I Helicoid cyme, 122 
- dichotomy, 32 
— sympoflium, 33 
Hemicychc, 145 
Herb, 38 

Hermaphrodite, 165 
Hesperldium, 248 
I Heterodromous, 84 
' Heterogomous, 219 
Hoteromerous, 130 
Heterophyllous : bearing 

foliage leaves of different 
shapes on different parts 
of the plant, 74 
Heterosporous, 95 
Heterospory, 96 
Heterotropous, 210 
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Hilum, 2C^ 259 
Histog^niqB layers : the 
separate p\erlamatic layers 
in a stratified growing 
point, 34 H, 369, 370 i 

Histology, 2 ^ j 

HomcKlromous, 84 
Homosporoiis, 95 
Hoinotropons, 269 
Hypaiitho<lium, 1 16 
nyphic, 309 
Hyphal tissue, 309 
Hypobasal, 12 

Hyi)ocotyl, 17, 266 i 

— course of bundles in, 376 
Hypoenitenforni, 168 
llilwderma, 309, 328 

H.\ pogynous, 142, 176 
Hypopodium, 63 
Ilypsopbyll. 90 I 

IMBRICATK, 87 ' 

— lestivation, 205 

Tmpuripiiumte. 60 i 

Tmperfeot. flower, 137 ' 

rrK!lude<l stamens, 178 i 

Incomplete flower, 131 i 

Indefinite inflorescence, 704 
Indeterminate inflorescence, , 

101 I 

Induplieute, H8 | 

Indusium, 96 | 

— in (luprcsaincw, 96, 169 
Inferior calyx, 142, 192 

— ornry, 163, 192 
Inflorescence, 13, 97, 98 
Iiifm-axlllary, 51 
Tnfundibuliform, 168 
Iiiuatc, 171 

Insertion : the point at 
wlilcli the leaf ia attached 
to tile stem, 78 
Tntegumentum externum, 
209 

— mteruum, 209 

— simplex, 209 
Intercellular apace system, 

306 

Tiitcrfasdcular cambium, 
861 

loternodefi, 27, 61 
In tine, 180 

Intrastelar ground-tissue, 
333 

Iiitrorsc, 170 
Ttmllu, 295 
Iiivolucel, 101, 113 
Involucre, 101, 113 
Involute, 87 
Irregular flowers, 131 
IsognuiouB, 218 
laouierous, 129 
laostemoQOus, 133, 175 


KAR\OKiXKiii8, 207 
Keel, 168 
Kernel, 262 


Labiatf:, 152 | 

Lamina, 62 
Lanceolate leaves, 7 1 
Lateral branching, 30 

— roots, origin of, 374 
~ style, 199 

Latex, 316 

Laticlferous tissue, 316 

— vessels, 316 
Layering, 41 
Leaf-base, 52 

— blade, 57 

structure of, 383 

— centric, 386 

— dorsi-ventral, 383 

— fall of, 381 

— insertion of, 78 I 

Iso-bilateml, 385 I 

— spines, 88 

— tendrils, 89 

“ tr.ice bundles, 330, 357 j 

Leaflets, 59 

Leaves of Eucalyptus, 51 
Legume. 250 
Lenticel, 333 
Leuciu, 295 
Leucoplusts, 277 
Lianas, 38 
Lignin, 281 
Ligulate, 160 
Ligulc, 66, 129 
Limb, 128, 155 
Linear leaves, 71 
Lipixid, 152 

Lotws, 60 j 

Loculicidal, 237 j 

Loculus, each cavity ni the 
anther or the ovary, 189 I 
Locusta, 110 * I 

Lomt*ntac.cou8 siliqiia, 252 j 
Tiomeutiiiu, 251 
Lunate, 73 
Lyratc, 68 
Lyaigenous, 317 


MACRtnH)iJous embryo, 206 
Macrosj)ores, 95 
Maltose, 295 

Marceik*eut : a term applicsl 
to a calyx or corolla wldcli 
persists in the flower in a 
witheretl ooialition after 
fertilisation, 155,166 
Marginal placentation, 194 
Masked, 160 

Median prolification, 146 
Medullary sheath, 361 
— rays, 335 

secondary, 351 

Megasporangiuni, 96, 186 
Megp?f)ore, 11, 96, 207 
Merioarp, 246 
Merlsmatio tissue, 304 
Meristeles: the separate steles 
of a leaf which become 
contiiinous with the mam 
stele of the stem when the 


latter is monostcllc, 336, 
378, 380 
Meristem, 304 
Mesocarp, 234 ^ 

Mesopbyll, the internal 
parenchyma of the leaf, 
384 

Mesopodlum, 62, 56 
Metabolism : the chemical 
changes connected with 
the life of the protoplasm, 
276 

Metamorphosis, 145 
Mieollrc, 278 
Micropylar arillus, 261 
Micropyle, 207, 269 
Microsporangium, 96, 166 
Mierospores, 11, 96 
Middle lamella, 284 
Midrib of leaf, structure of, 
381 

Mixed inflorescences, 123 

— panicle, 125 
Monadelpbous, 170 
Moimndrous, 175 
Monillform root, 23 
Monochlamydoous, 165 
Mfinoi'otyledonous embryo, 

264 

— stem, mode of gro\sth of, 
362 

MoiKUcioiiH, 165 
Monogynons, 1H6 
Monopotlial, 32, 104 
Monopodiura, 32 
Monostele : a term applie 
to the stele of the a\i 
when there is only 
which is the direct ( 
tinuution of the plerom 
336 

Monostelic, 336 
Moiiotlmlamic fruits, 256 
Morphology, I 
Mucilage, 284 
Mucronate, 70 
Multi foliate leaves, 78 
Multiple corolla, 163 
Murifonn parencliyma, 307 


NAriKOiiM root, 21 
Nectaries, 129, 145, 317 
Nodes, 27, 61 
Nucellus, 207 
— naked, 208 
Nuclear spindle, 298 
Nuclein, 276 
Nucleolus, 276 
Nucleoplasm, 276 
Nucleus, 274, 276 
Nuculauiuni, 248 
Nut, 244 


OllCOUUATK, 73 
Obdiplostemony, 133 
Oblique leaves, 71 
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#bloug, 72 

Obovatc, 72 | 

Obsolete, 163 . 

Obtuse, 70 
'^bvolnte, 8b 
Oclirea, 54 
Offset, 41 
Oils, 293 
Oogouium, 222 
Oospliere, 14, 222 
Oospore, 10, 12, 222 
Open bundles, 342 
Opereulate, 166, 181, 241 
Operculum, 241 
Opposite leaves, 79, 84 
Orientation ; the position of 
tlic wood and bast ol a 
vascular bundle with rela- 
tion to the centre of the 
stele in wliich it occurs, 
340 

Ori trill of placenta, 190 
Orthobticliies : the vertical 
hues tliat can be drawn 
down the stem, passing 
tbrongh the bases ot 
M’vcral loaves, 81 
Orthotropous, 210, 258 
Ovary, 8, 97, 129, 1H6, 191 
Ovate, 72 
Ovule, 13, 97, 207 

I’ALX'IH, 100 
Palca\lll 

— of recejitacle, 103 ' 

Pales, 111 - 

Palisade tisbuc, 384 
Palmate, 69, 02 
Palmated, 22 
Palmately vemtd, 05 
Palmatifid, 62, C9 
Palniatihccted, 62 
Paiiduriforni, G9 
Panicle, 1 1 1 
Panicled corymb, 112 
Papilionaceous corolla, 157, 
206 

PapiUtP, 326 

Papillose : having tlie , 

external cells prujeeting ' 

slightly above the surface, 
388 , 

Pappose, 163 I 

Pappus, 138, 163 I 

Parallcl-velno<l, 64, 66 . 

— venation, 86 ' 

Pamphyses, 226 I 

Parasites, 24 i 

Parenchyma, 306 | 

Parenchymatous, 6 
Parietal placentation, 199 
Pari pinnate, 69 

Partial involucre, 10 1, 113 I 

— umbel, 113 ; 

Partitions of leaf, 60 
Passage cell : thin-walle<l 

cells occurring in a thick- 
walled eridodermis, 370 


Pectic acid, 284 
Pectin, 284 
Pectinate, 68 
Pcctobc-, 278, 284 
Pedate, 62, 69 
J’edatipartite, 62 
Pedicel, 105 
Peduncle, 106 
Pcloria, 162 
Peloric flower, 146 
Peltate, 62 
Pentagonal, 131 
Pentasticlious, 81 
Pepo, 247 

Perennial, 21, 22, 38 
Perfoliate, 63 
J*erianth, 97, 128 
Periblem, 319 
Pericarp, 233 
Pcrichretiuni, 226 
Perioliiml, 304 
Pericyole, 333 
Periderm, 331 
Pcrigyiious, 142, 175 
Periplierical embryo, 268 
Perihitcrm, 263 
Permanent tissue, 304 
Persistent, 51, 166 
Personate, 160 
Petaloid, 128 
I 'etuis, 128, 156 

— structure of, 388 
J'etiole, 62, 66 

— oi Cycus, 381 

— structure of, 379 
I’halanx: a term api»lic<l to a 

number of stamens con- 
nected together by their 
fllaments, 136 
Phcllodemi, 331 
J’liellogeii, 331 
Phloem, 339 
Plirugmata, 190 
PliNlliincs, loi 
I’liylloelade, 42 
I'hyllode, 67 
Phyllopodium, 62 
I’hyllotaxis, 79 
I'hysiology, 2 

Piliferous layer of root, 320, 
37u 

Pinuie, 68 

Pinnate, 59 

Piniiatcly veined, 65 

Pinnules, 76 

Pistil, 128, 18 5 

Pistillate llowcr, 97, 137, 166 

I’ltchers, 89 

Pith, 342 

Placenta, 129, 186, 194 

— origin of, 196 
Placentation, 194 
I'lune of symmetry, 131 
Plaotids, 274, 277 
Plerome, 319 
Plicate, 86 
Plumule, 16, 264 

Pod, 250 


I^Ueu grains, liV 

' size of, 18 

j — pucfi, 166 
1 — tube, 11 
Pollinia, 182 
i PollinodluT^k, 222 
I Polyadelphous, 178 
Polyareli root, 372 
, Pulychasium, 31, 119 
, ‘ Poly cotvledonous embryo, 
; 270 

; Polyembryony, 228 
; Polygamous, 166 
Polymorphy, 9 
Polypctaloiis, 166 
I PolyjKwlinl, 81 
PolyscpalouF, 140, 150 
J Polystelic, 33" 

-Polytlialaniic fruits, 26G 
Pome. 256 

' Potential gnmctoj)hyte, 216 
. Praifloration, 88, 203 
Pnemorse, 16, 70 
. Prickles, 325, 349 
Primary avi«, 1U4 
i — iiicris-teiJi, 301 
' — root, 18 
— uooil. 341 
nine, 208 
uordial utr 
ii^niiitie leaves. 1 
Procain ilium, 336 
Proearp, 225 
PrucumlHiiit, 37 
I'rosencliyiJia, 309 
Proscncliymatons, 6 
Prostrate, 37 
l'rot4‘ids, 292 
Protliallus, 10 
Protophloiiin, 346 
Protoplasm, 8, 27 1 
Protoplasts, 272 
Piotnxylein, 344 
Protruding stamens, 178 
Ph«*ud-a\is, 31 
Psc*iido-bnlb, 36, 47 
P&eudociu-ps, 232 
P'-endti-parenchymn, 3o9 
Pulvinus, 63 
, Putiuneii, 244 
Pyramidal leaves, 76 
P>xis, 252 


QrADllIXATE, 77 
Quaternary, 131 
Quinary, 131 
Quinate, 77 

Quineuncial {estivation, 205 


1 11 A< EMKs, JUS 

Itacemoise, 32, 104, 107 
llachis, 106 

Radially urrangrHi bundles, 
343 

Radiant flowers, 158 
I Radical leaves, 78 
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Hadical pe^ncio, 106 
Kadicle, 16 J^6 
Ramal, 79 \ 

Ramenta, 32o 
Raphe, 210 *• 

Raphlau ariUu3, '|61 
Raphldes, 293 
Reactions of cellulose, 284 

cutin, 286 

lignin, 284 

mucilagp, 285 

— starch, 291 
Receptacle, 106, 146 
Reel mate ovule, 213 

— vernation, 86 
Recti serial, 84 

Re<lu plicate lestivatiou, 204 
Regma, 247 
Regular flowar, 131 
Rejiivenesoeiice, 302 
Reniform, 73 
Rephmi, 190, 239. 262 
Reserve inatenala, 287 
Resins, 293 

Rctieulutcd venation, 64 
Retinaeiila, 182 
Uetroserrate, 67 
Uotuj«, 70 

Reveraetl raceme, 124 
Revolute, 87 
Rhipidiuni, 123 
Rhizome, 'U 
Rlbbeil venation, 65 
Ringofl bark, 366 
Ringent, 160 
Rnot. 11 

— brandling of, 374 

— cap, 18 

— liiiir-*. is, 326 
■— parasites, 26 

structure of, 13 
Roots of parasites, 24 
Rootstock, 44 
Rosaceous corolla, 167 
Ro&telluin, 183 
Rotate, 168 
Rotation, 276 
Rummatccl alluitiien, 264 
Runciuate, 69 
Ruiiuor, 40 


SAcrATK, 154. 162 
Sagittate, 7.5 
Salver-shaped, 168 
Samara, 246 
Saprophytes, 26 
Bapv ooii, 366 
Sarcocarp, 233 
Scale liark, 366 
Scales, 28, 129, 325 
Scaly, 28 

— bulbs, 48 

— leaves, 90 
Scape, llMi 
Sohlzocarp, 246 
Schizogenous, 317 
Sohizostely, 337 


I Schweizer’s reagent, 284 
Sclerenchyma, 308 
Soorploul ejme, 122 
' — dichotomy, 32 

— sympodium, 33 
Scutellum, 265 

' Secondarj' meristem, 331 
; — roots, 18 
] Soon ndiiie, 208 
Seeds, 8, 11, M, 267 
Semi-amplevicnul, 53 
Sepaloid, 128 
Sepals, 128, 149 

— structure of, 3H8 
Septicidal, 236 
Septifragal, 237 
Serrate, 67 

{ Semiliite, 68 
; Sessile, 56 
Sluwt, 11 
1 Shrubs, 38 
. Sieve plate, 3fi:: 

— tissue, 5»lu, 313 

— tubes, 6, 313, 353 
Silicula, 262 

, Siliqua, 262 
, Simple leaves, 60 
Simiated, 68 
■ Size of cells, 296 
Sliding gTo^\'th, 352 
Solitary tonninal flower. 1 
Soreiliii, 93 
' SorosH, 256 
SoriH, 96 
Spadi.x, llo 

Spatliace<}U's tmet". In:. 
Spathe, 102 
Spathella*, 102 
Spnthulate, 72 
Special motlicr-oelU. 300 
Spcrmatia, 220 
Sphieraphides, 294 
Spike, 109 
Spikelet, llo 
Spines, 13, (58 
Spinous leaves, 88 
Spiral plollotaxi-j, 144 

in Angiosperius, 144 

Spong)- parenchj ma, 384 
Sporangium, 4, 13, 94, 96 
Spores : the asexual repro- 
ductive cells liorne upon 
the sporophy te, 9, 9 i 
Sporogonium : the part of 
' the moss and the liver - 1 
wort iu which the aiiores ' 
are developeil. It is the j 
sixirophyte of the plant, 
95 1 

Sporophore, 97 
Sporophj'lls, 13, 96, 127, 166 ! 
Sporophy te : the plant-liody j 
wldch produces spores, 10, i 
92 

' Sporophyte of Algte, 216 
Spur, 154 

Spurious dissepiments, 189, 
230 


I Spurious frmts, 232, 242 
Spurreil calyx, 154 

— corolla, 162 
Squam®, 101 

Stamens, 07, 128, 166 • 

Stamiiiate flower, 97, 187, 
165 

Stamiuodes, 129, 139, 166 
Standard, 158 
Starch, 288 

— cellulose, 291 

— grains, 288 
Stele, 319, 336 
Stem, 12 

— gamostelic, 337 

— uioiiostehc, 336, 348 

— polystelic, 337, 367 

— schizostelic, 337. 364 

— structure of, 348 
Stereomc, 328 
Stigma, 129, 185, 202 
Sting, 327 

Stipe, 38 
StipeN, 63 
Stipitate ovary, 192 

— pappus, 153 
Stipules, 53 
Stolon. 41 
Stomata, 322 

— distribution of, 324 
Stone-fruit. 244 
Stone of fruit, 214 
Stratifteil cell -wall, 281 
Striated cell-wall, 281 

! strobile. 111 
I Strophioles, 261 
St>le, 129, 186, 199 
St>loi)odium, 149 
Subtend : a leaf is said to 
subtend the brunch which 
arisen in its axil, 122 
Subulate leaf, 71 
Sucker, 4 1 

Superftcial placentatioii, 196 
Siqierior calyx, 162, 192 

— ovary, 142, 163, 192 
Supervoluto, 88 
Suppression in the flower, 

136 

Supra-ux illary, 51 
Suspensor, 228 
Sutural, 236 
Sutures, 169, 185 

— of fruit, 234 

Syconus, 256 
Symmetrical, 131 
Symmetry of flower, 129 
Sympodial cyme, 121 , 

SymiKxiium, 31, 122 
Syuangium, 207 
Syncarpous, 140, 186, 232 
Syngeiiesioas, 1 70 


Ta.i*-root, 1H 
Taxonomy, 2 
Tegmon, 260 
Tegmenta, 29, 51 



GENERAL INDEX 


895 


Tela contexta, 308 
Tenrlrils, 43 ^ 

Terminal axLs, 104 

— inflorescence. 1 17 
Ternary, 13<J 
Ternate, 77 
Tertiary roots. 19 
Testa, 269 
Tetriwlyuainon'. 179 
Tetmfronal, 131 
Tetramcrous, 130 
Tetrarch root, 372 
Thalamus, 106, 146 
Tliulloid shoots, 11, 12 
Tliallome, 1 
Tlmllus, 4, 15 
Thm-n, 42 
Thylosee, 311 
Thyrsus, 126 
Tifrellum, 16, 261 
Tls•^lu.^ epidennal, 318, 319 

— - tihro- vascular, 318, 33() 

— f luidameutal, 318, 327 

— ground, 318, 327 

— stems, 318 

— tcfiiimeiitary, 318 
Tissues, 304 
Tonis 146 

— - ot borderixl pit, 283 
'I’raehoa*, 31 o 
Tiacheal tissue. 309 
TiiK-lieids, HU'J. 310 
Transfusion tissue, 387 
Transverse deliiscorioe, 240 
Trees. 38 
Triadelpbous, 178 
Tniireh ixiot, 372 
Tm-hoKyue. 225 
Ti’Miiumes, 321 
Tr^oiml, 13(1 
Trimerouf*, 13(t 
Tripinnate, 76 
Tristichous, HI 
True unllu', 260 


Trumpet hyphie, 314 
Truncate, 7o 
Trunk, 38 
Trvma, 249 
Tu'ber, 46 
Tabular, 162, 168 
Tuiiicated bulb, 48 
Twi^s, 30 

ininp stems, 37 
Tv\ isted vernation, 87 
Typical flower, 132 


Uiiiti I,, 112, 120 
Umlielliiles, 113 
Undershrul*. 38 
Undulated. 68 
UnKuiculatc, 155 

UiiKUH, 166 

Uiiijugate, 76 
Unilateral raceme, 126 
Unlining, 133 
Urceolate. 162. 168 
Utricle, 243 
Utiu'uhir %e><K‘ls, 316 


Ves'S>ls, reticolajR, 312 
— Hcalariform, W2 
— spiral, 811 f 

dimensiqu^ of, 312 

! Ve,\.lllary a^lration, 206 
I Vexillimi, IfH 

I Was'i k products, 287 
I Water-gland, 587 
' Wa\ V, 08 

Wa\‘iu cell-waU, 286, 320 
Weeping stems, 39 
Wheel-shaped, 158 
Whorl ; a number of leaves 
arising on a sUmi at the 
same node, 79 
Whorled leaves, 79, 84 
, Wings of leRUiuiiious i Oi uli.v. 
168 

Wood 339 


' nUM, 339 
— eeiitripetal, 372 


\ A( roiihs. 274 
Valvatc, 87 

— aestivation, 204 
Valves of fruit, 236 
Valvulai dehiscence. 236 
Vascular bundles, 319. 386 

plants. 6 

— tissue, 309 
Venation, 63 
Ventral ^uture, 186 
Vernation. 86 
Versatile anthers, 171 
Vertlcillaster, 120 
Vessel, 6. 309 
VeoseK annular. 312 

— dotted, 310 

— [nttetl. 310 


, ZtxM'O.vooTO : a reproduc* 
tive \xxly cou'Jisting of a 
eohmy or aggregation of 
naked cells or protoplasts, 
furnished with a immbet 
of c ilia, two to each cell of 
theeoloiiy. It occurs only 
among the Siphoiiete, a 
diviMou of the Algre, 278 
Zoogonldla, 271 
7iOO spore, 96, 271 
Zygtmiorphic, 131 
Zyg(»^po^e, 219, 303 
Zygote ; the cell which is 
I "produced by the fusion or 
union of two sexual cells 
or gametes, 10, 92, 211, 
219, 222. 303 
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